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The CGIAR Research Program on Roots, Tubers and Bananas (RTB)
is a broad alliance of research-for-development stakeholders and partners.
Our shared purpose is to exploit the underutilized potential of root, tuber,
and banana crops for improving nutrition and food security, increasing
incomes and fostering greater gender equity – especially amongst the
world’s poorest and most vulnerable populations.
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7Foreword
We are proud to share this report on progress made under the CGIAR Research Program on 
Roots, Tubers and Bananas (RTB) in 2013. During its second year, RTB launched a series of initiatives 
aimed at improving food security and livelihoods in some of the world’s poorest regions.
RTB expanded its geographic reach and research capacity as it welcomed a new global partner: 
the French Agricultural Research Centre for International Development (CIRAD), which also 
represents the French organizations IRD (Institute for Development Research), INRA (National 
Institute for Agricultural Research) and Vitropic. We laid the foundation for expanding outreach 
with the CGIAR Research Program on Integrated Systems for the Humid Tropics (Humidtropics). 
Our financial resources also increased in 2013, which made new collaborative work possible. 
However, RTB’s success still depends on longer-term financial stability and flexibility in investment.
We began to rethink the program’s structure in order to improve performance and better track 
progress and outcomes. RTB scientists developed a framework for results-based management, 
which will bring centers and partners together for joint learning to optimize impact. 
The stories presented in this report illustrate how improved collaboration among RTB centers 
is making a real difference. This includes harnessing the potential of genomics to accelerate 
the development of improved RTB varieties, facilitating collaborative responses to critical crop 
diseases and improving postharvest options. 
We are excited about the completion of a global assessment of RTB research priorities to guide 
future investments, progress toward our goal of making RTB research more gender-responsive, 
and the growing number of organizations around the world that are working with the research 
program. We are committed to further broadening engagement with partners both for upstream 
research and in the sphere of development, and we thank everybody who contributes to making 
the excellent progress reported here possible.
Barbara H. Wells
CIP Director General and Chair of RTB Steering Committee
Graham Thiele
RTB Program Director
8Executive Summary 
During its second year, the CGIAR Research Program on Roots, Tubers and Bananas 
(RTB) expanded its geographic reach and its network of partners while launching 
a series of collaborative initiatives aimed at resolving the most serious constraints 
faced by smallholder farmers growing RTB crops. While this work was initiated within 
a framework of seven disciplinary themes, RTB started a process to transition from an 
output-focused research agenda to one based on outcomes and impacts. RTB scientists 
and partners began organizing the program’s research into activity clusters called flagships 
in preparation for the implementation of results-based management. Each flagship has its 
own impact pathway and indicators for intermediate development outcomes. 
At the same time, RTB’s network of partners grew steadily, especially with the confirmation 
of the French Agricultural Research Centre for International Development (CIRAD) as the fifth 
participating center, but also through the program’s varied research initiatives, outreach to regional 
organizations, and collaboration with other CGIAR Research Programs, including Humidtropics, 
Policies, Institutions and Markets (PIM) and others. More than 1,600 experts around the world 
participated in a research priority assessment for RTB crops that was completed in 2013, which will inform 
decisions and investments in the coming years. The program made important progress in mainstreaming 
gender through capacity building workshops and the initiation of gender integration research. RTB also 
supported an array of conferences and workshops that brought scientists from many institutions together to 
share knowledge and plan collaboration. These included a meeting of cassava experts in Bellagio, Italy; a global 
conference on yam held in Accra, Ghana; a conference on the conservation of cassava landraces in Africa held in 
Dar es Salaam, Tanzania; and a workshop for a project to enhance cross-breeding of bananas and plantains held in 
Douala, Cameroon.
RTB invested heavily in research to unlock the use potential of genetic resources, and to accelerate the development of 
cultivars with higher, more stable yield and added value. The program supported efforts by the partner centers to improve 
the collection, identification and preservation of RTB germplasm, as well as a cross-center initiative to assess and monitor root, 
tuber and banana biodiversity at hotspots of high landrace diversity. Next-generation gene sequencing was completed for 
hundreds of RTB crop accessions while metabolite profiles were undertaken for a sampling of them, and phenotype trials were 
launched for association studies with the genetic and metabolite data. RTB also invested in the development of the bioinformatics 
platforms needed to manage data generated and make it accessible to breeders. This marks the beginning of an ambitious, cross-
crop effort to help the centers and their partners establish next-generation breeding programs.
9RTB built upon the expertise and experience of the participating centers by supporting collaborative research to improve the 
management of priority pests and diseases. An example of this strategy’s effectiveness was the cross-center response to the 
discovery of the banana disease Foc TR4 – a major threat to commercial banana farming in Asia – on a farm in Mozambique. 
Bioversity International, CIRAD and IITA also organized a learning alliance with National Agricultural Research Systems 
(NARS) in eight in countries to help farmers recover production from the devastation of banana bunchy top disease 
(BBTD) in Sub-Saharan Africa. RTB launched cross-crop initiatives to improve the detection and management of 
bacterial diseases, to improve the management of seed degeneration, and to predict climate change’s impact on the 
most important RTB crop pests. The program also funded work to improve identification of viruses that affect yams 
or sweetpotatoes, to manage cassava frog skin disease in Latin America, and to control banana Xanthomonas wilt 
in Central Africa, among other efforts.
In order to improve farmer access to low-cost, high-quality planting material, RTB created a community of 
practice to develop a multi-stakeholder framework to improve seed system interventions for RTB crops, 
which will be validated with a set of case studies. 
In an effort to develop tools for more productive, ecologically-robust cropping systems, RTB 
commissioned analyses of yield gaps and sponsored a workshop on improving mixed cropping 
systems with plantain in West and Central Africa, held in Abidjan, Côte d’Ivoire, which resulted in 
the development of a proposal for a multi-year project. RTB also launched efforts to promote new 
postharvest technologies, value chain improvements and market opportunities. A cross-center 
initiative for improving livelihoods through cassava processing interventions was launched 
by CIAT, CIRAD, IITA and the UK’s Natural Resources Institute (NRI), the aims of which include 
improvements for small and medium enterprises and income opportunities for women. 
The project was complemented by a workshop to examine the commercial feasibility of 
producing animal feed from cassava waste. RTB also supported a gender-responsive 
study of banana beverage value chains in East Africa led by Bioversity International 
and CIRAD, and a study on the impact of changes in cassava markets on women in 
Colombia.
As these initiatives gain steam in 2014, they will be complemented by new 
interventions within the themes while being strengthened by RTB’s transition 
to results-based management. This synergy will move the research program 
closer to its goal of tapping the full potential of roots, tubers and bananas 
to strengthen food security, improve diets, and reduce poverty.
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ARIs Agricultural Research Institutes
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Humidtropics CGIAR Research Program on Integrated Systems for the Humid 
Tropics
ICIPE International Centre of Insect Physiology and Ecology
IFPRI International Food Policy Research Institute
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IICA Inter-American Institute for Cooperation on Agriculture
IITA International Institute of Tropical Agriculture
ILAC Institutional Learning and Change Initiative
ILCYM Insect Life Cycle Modeling
ILRI International Livestock Research Institute
INIAP National Autonomous Institute for Agricultural Research
INRA Institut National de la Recherche Agronomique
IPM Integrated Pest Management
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PCR Polymerase Chain Reaction
PIM CGIAR Research Program on Policies, Institutions and Markets
PMCA Participatory Market Chain Approach
PVS Participatory Varietal Selection
R4D Research for Development
RBM Results-Based Management
RNA Ribonucleic Acid
RTB CGIAR Research Program on Roots, Tubers and Bananas for Food Security 
and Income
RT-PCR Reverse Transcription Polymerase Chain Reaction
SADC Southern Africa Development Community 
SAG Special Achievement in GIS
SASHA Sweetpotato Action for Security and Health in Africa 
SDSR Single Diseased Stem Removal
SIAC Strengthening Impact Assessment in the CGIAR 
SNP Single Nucleotide Polymorphisms                                                                                                                                                                                                                              
SPHI Sweetpotato for Profit and Health Initiative
TRC Taxonomic Reference Collection
YIIFSWA Yam Improvement for Income and Food Security in West Africa
YMMV Yam mild mosaic virus
YMV Yam mosaic virus
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The CGIAR Research Program on Roots, Tubers and Bananas 
(RTB) made good progress in 2013 toward its goal of enhancing 
the production and utilization of those crops to improve the 
food security, nutrition and livelihoods of some of the world’s 
most vulnerable people. It did this by supporting innovative 
initiatives and facilitating collaboration among the participating 
research centers and their partners. This has resulted in a 
global mobilization of resources and intellectual capital on 
crosscutting projects and other research addressing the priority 
issues for RTB crops. 
One of the year’s major milestones was the completion of a 
research priority assessment for the main RTB crops that involved 
more than 1,600 experts around the world, the results of which 
will guide the research program’s investments in the coming 
years (see Experts Around the World, p. 21). Other RTB milestones 
include the gene sequencing of 299 banana accessions, 820 
cassava accessions, and 1,190 tetraploid potato breeding lines as 
part of an effort to develop next-generation breeding systems 
for the main RTB crops (see ‘Omics’ Research to Enhance and 
Accelerate Crop Breeding, p. 40); the facilitation of an international 
response to an outbreak of the banana disease Foc TR4 in Africa 
(see Collaborating to Contain Banana Pathogen Foc TR4 in Africa, 
p. 49); the completion of the “Better Potato for a Better Life” project 
in Ethiopia, where CIP and its NGO and government partners 
Expanding Collaboration, Catalyzing Innovation 
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provided 150,000 farmers with more than 16,000 tons of disease-
free potato seed (see p. 56; the HarvestPlus program’s distribution 
of three pro-vitamin-A cassava varieties developed by IITA and 
partners to more than 100,000 smallholders in Nigeria (see p. 38); 
the completion of the “Rooting Out Hunger in Malawi” project’s 
first phase, in which CIP and national partners distributed clean 
planting material for vitamin-A-rich  sweetpotato varieties to 
more than 100,000 households (see p. 57); innovations in seed 
production and postharvest options for yam (see Promoting a New 
Focus on Yam in West Africa, p. 27); and the creation of a learning 
alliance in eight African countries to find effective strategies 
for managing banana bunchy top disease (see Teaming up to 
Battle Banana Bunchy Top Disease in Africa, p. 50), among other 
accomplishments.  
Under the guidance of Theme Leaders, multi-year, inter-center 
projects were initiated in 2013 to integrate gender into RTB 
research, develop a framework to improve seed systems, 
strengthen small and medium-scale cassava processors, and assess 
the risk posed by crop pests under a changing climate. Progress 
was made on multi-year projects launched in 2012, such as an 
effort to improve the management of seed degeneration, whereas 
small grants were awarded to develop full proposals for in-situ 
conservation, a bacterial disease initiative and research on mixed 
cropping systems. 
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To improve the effectiveness of this research and future initiatives, 
RTB is slowly changing the way the research centers do business 
by promoting greater collaboration, knowledge sharing, gender 
responsiveness and stakeholder consultation. At the same time, 
progress was made on a process to transition from an output-
focused research agenda to one based on outcomes and impacts. 
Together, these innovations will create a more cohesive and 
effective RTB research community, capable of making steady, 
measureable progress toward the research program’s goals and 
the CGIAR’s system level outcomes: less rural poverty, better food 
security, improved nutrition and health, and sustainable resource 
management. 
From Themes to Flagships
From its inception, RTB research was organized under seven 
disciplinary themes, the last of which – enhancing impact through 
partnerships – is a crosscutting, essential component of all the 
program’s work. The themes serve as a framework for scientists 
at different centers and partner organizations to collaborate on 
research. In many cases, work was already ongoing when RTB 
was created and came to integrate the research program. Various 
crosscutting and cross-crop initiatives were launched during RTB’s 
first two years that have facilitated greater collaboration by the 
centers and partners on priority issues and new approaches.
While the original disciplinary themes offer a strong basis for 
planning and partnering, they don’t provide a coherent framework 
for tracking research and development outcomes and collaboration 
to achieve them. RTB scientists have thus begun a process of 
RTB: Collaborating to Improve 
Food Security and Incomes
The CGIAR Research Program on Roots, Tubers and Bananas 
(RTB) was launched in 2012 to harness the untapped potential of 
cassava, potatoes, sweetpotatoes, yams, bananas, plantains and 
other root and tuber crops to improve food security, nutrition 
and livelihoods. It brings together the expertise and resources of 
five centers: Bioversity International (Bioversity), the International 
Center for Tropical Agriculture (CIAT), the International Institute of 
Tropical Agriculture (IITA), the French Agricultural Research Centre 
for International Development (CIRAD) and the International Potato 
Center (CIP), which leads the research program. They have partnered 
to collaborate on common issues affecting vegetatively propagated 
crops, mobilize complementary expertise and resources, avoid 
duplication of efforts, and create synergies to increase the benefits of 
their research and interventions for smallholder farmers, consumers, 
and other actors involved in root, tuber and banana value chains. Unlocking the value and use potential of 
genetic resources
Accelerating the development and selection 
of cultivars with higher, more stable yield and 
added value
Managing priority pests and diseases
Making available low-cost, high-quality 
planting material for farmers
Developing tools for more productive, 
ecologically robust cropping systems
Promoting postharvest technologies, value 
chains and market opportunities
Enhancing impact through partnerships
THEME 1
RTB THEMES
THEME 2
THEME 3
THEME 4
THEME 5
THEME 6
THEME 7
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reorganizing the program structure through the implementation 
of results-based management (RBM), which will improve the 
research program’s performance, enhance progress toward desired 
outcomes, and increase value for money through evidence-based 
impacts.
In 2013, RTB began to define its theory of change, which identifies 
how change is expected to occur along the pathway from output 
to outcome to impact. RTB scientists and partners worked on the 
design of a set of flagships, each with its own impact pathway and 
indicators for intermediate development outcomes and eventual 
impacts. Within those impact pathways, research outcomes, 
which involve next‐users (who RTB can influence directly), are 
differentiated from development outcomes with end‐users (who 
are reached by next users). Outcomes will result in impacts – 
improvements in food security, nutrition and livelihoods, gender 
equity and/or a reduced environmental footprint.
Flagships and Impact Pathways
With the goal of improving RTB’s ability to achieve outcomes and 
measure impacts, RTB managers have worked with researchers 
from the centers and their partners to reorganize RTB research 
into a series of flagships, guided by the program’s theory of 
change. Flagships bring focus, and combine work under different 
themes into impact pathways with research products linked to 
RTB’s strategic objectives. Each pathway has quantified indicators 
to track progress toward outputs and outcomes. Each flagship 
includes a set of related or linked products that are measureable, 
time-bound deliverables that will be used by well-defined 
research and/or development institutions and have a potential for 
large-scale impact.
Three types of flagships have been developed: a) delivery 
flagships, which focus on near market-ready research products 
that will generate significant outcomes and impact in the coming 
years; b) discovery flagships, which focus on high-potential 
upstream research that can contribute to outcomes in the long 
term; and c) crosscutting, or learning and support flagships, which 
enhance research and outreach in other flagships and initiatives 
and are enriched by them through a feedback loop. A total of 23 
RTB flagships have been identified: 16 delivery flagships, three 
discovery flagships and four crosscutting flagships.
17
RTB Chosen for Results-Based Management Pilot
In order to improve value for money, the CGIAR Consortium 
is promoting a paradigm shift to results-based management 
(RBM), and RTB is one of five CGIAR Research Programs chosen to 
implement an RBM pilot. The Consortium has awarded funds to 
help the RTB centers and partners to develop and refine an RBM 
system for improving the planning, monitoring and adaptation of 
their research for development.
RBM pilot deliverables planned by RTB for 2014 include: validated 
constructs for 3-4 delivery flagships and one discovery flagship; 
a baseline of the current status of key indicators for the delivery 
flagships; a methodological/technical monitoring and evaluation 
system with software and user interface; and a proposition for 
embedding RBM in RTB’s government/management structure. 
RTB will accomplish this by engaging partners in flagship design 
and M&E during stakeholder workshops, and agreeing on shared 
strategies to achieve planned outcomes.
This transformation of the way RTB centers and partners plan and 
monitor research will enhance their efforts to improve the lives 
of the millions of farmers and consumers who depend on roots, 
tubers and bananas. In the meanwhile, the research program has 
already made significant contributions to that goal by launching 
a series of collaborative research endeavors that address priority 
issues. The stories in this report provide an overview of what the 
RTB centers and their partners accomplished in 2013 and give 
an idea of the impact that the research program expects to have 
in the coming years. These innovative research initiatives and 
global partnerships constitute important steps toward the goal 
of harnessing the full potential of roots, tubers and bananas to 
reduce hunger, improve diets, and help people around the world to 
overcome poverty.
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Enhancing Impact 
through Partnerships
20
Collaboration is central to all of RTB’s work, cutting across every 
crop, theme and initiative. The growth in the number of partners 
engaged in the research program in 2013 is a reflection of this 
priority and an indication of RTB’s expanding geographic presence 
and impact. This expansion of the RTB network was supported by 
a priority-assessment exercise that attracted the participation of 
the world’s top experts on RTB crops, and was advanced through 
the organization of, or participation in, an array of international 
meetings where scientists planned collaborative work. It has also 
included steady communications and knowledge sharing, capacity 
strengthening and cross-center efforts to make research and other 
activities gender responsive. 
An Expanding RTB Network
RTB’s network of partners grew steadily through 2013, extending 
the program’s reach while strengthening it through the addition of 
intellectual capital, resources and stakeholder input. The biggest 
expansion came with the confirmation of CIRAD as the fifth 
participating center, and the establishment of formal collaboration 
with the CGIAR Research Program on Integrated Systems for the 
Humid Tropics (Humidtropics) and the Global Cassava Partnership 
for the 21st Century (GCP21). Each of the initiatives described 
in this report has resulted in the creation of new partnerships. 
Enhancing Impact through Partnerships
RTB also reached out to the major regional agricultural research 
organizations in Africa, Latin America and the Caribbean. 
CIRAD Joins RTB, Enhancing the Program’s International Presence
RTB grew measurably with the confirmation of the French 
Agricultural Research Centre for International Development 
(CIRAD) as the research program’s fifth participating center. 
CIRAD’s new role within RTB is especially important because it also 
represent other French partners, such as the Institute of Research 
for Development (IRD), the National Institute for Agricultural 
Research (INRA) and the company Vitropic, all of which contributed 
to RTB during its planning stage and first year. 
“CIRAD, the IRD, INRA and RTB all work on the same issues and 
share a common vision. In a globalized agricultural research 
panorama, it is indispensable to build on synergies and join forces, 
since we will have a greater impact by working together,” said 
Robert Domaingue, a senior scientist and the RTB focal point at 
CIRAD and an RTB management committee member. 
The commitment of CIRAD and its French partners – with a total of 
800 researchers in an array of disciplines and operations in more 
than 90 countries – greatly enhances RTB’s research capacity and 
international presence. Within the new RTB governance, CIRAD has 
a designated member on the RTB Steering Committee and on the 
Management Committee.
Expanding Collaboration, Catalyzing Innovation  |  RTB Annual Report 2013 
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An important group of CIRAD scientists is already participating 
in and leading research activities in RTB, including an effort to 
improve mixed cropping systems with plantain in West and Central 
Africa, a bacterial disease initiative, (see Crosscutting Initiative 
Targets, p. 52) and an alliance to help farmers control banana 
bunchy top disease in Sub-Saharan Africa (see Teaming up to 
Battle, p. 50). 
Postharvest improvements are also an important part of CIRAD’s 
portfolio, and CIRAD scientist Dominique Dufour is leading  
RTB’s post-harvest theme. In 2013, CIRAD joined several partners 
in a global initiative to optimize cassava postharvest processes. 
CIRAD has also funded a post-doctoral position for that project 
within the framework of a CIRAD-CGIAR Twin Postdoctoral 
Fellowship Initiative.
CIRAD participated in the planning of RTB research for 2014-2015 
and will contribute to new activities that were included in the 
research portfolio, which will further enhance RTB’s efforts to 
reduce hunger and improve livelihoods around the world.
RTB and Humidtropics Draw up Plans for Collaboration
Roots, tubers and bananas are important crops across the 
humid tropics, where RTB’s research and interventions have 
the greatest positive impact.  With the creation of the IITA-led 
CGIAR Research Program on Integrated Systems for the Humid 
Tropics (Humidtropics) in 2013, an excellent opportunity arose for 
partnering to create synergies and expand outreach. 
Collaboration between RTB and Humidtropics was formalized 
during a meeting in Amsterdam, the Netherlands, in November 
2013, when RTB and Humidtropics representatives identified 
potential synergies and outlined ways to avoid duplication or 
redundancy in research. They explored key topics from three 
Humidtropics action areas and the global topic of systems analysis.
“The partnership established between Humidtropics and RTB is 
a most significant one, and offers a great example of the linkage 
that needs to exist between a systems research program such as 
Humidtropics and a commodity or technology-oriented program 
such as RTB,” said Kwesi Atta-Krah, the Director of Humidtropics. 
RTB and Humidtropics share commitments to engaging 
farmers, value chain actors and a broad array of partners, to 
mainstreaming gender, and to implementing results-based 
management. RTB does not have its own action areas and sites 
and has opted to work through the action areas of systems 
research programs such as Humidtropics. By working together, 
the two research programs can increase their impacts in areas 
such as the development of improved varieties and seed systems 
and integration of RTB research products in farming systems. 
An example of this potential is a CIP-Humidtropics project that 
has run farm-based trials on 16 heat-tolerant potato clones in 
Western Kenya, the results of which could contribute to food 
security in many other tropical lowland regions.  
Atta-Krah observed that the partnership will create opportunities 
for sharing baseline data and accelerating the achievement of 
outcomes, among other things. “We need to make this initiative a 
trail blazer in cross-research-program partnerships,” he said.
Experts around the World Help RTB Assess 
Research Priorities
Scientists and stakeholders from around the globe participated in 
a root, tuber and banana expert survey, which formed an integral 
part of a priority assessment that will inform RTB decisions and 
investments in the coming years. In addition to engaging experts 
from an array of organizations and institutions, the assessment 
strengthened cross-center collaboration and produced a 
framework and tools that can be used by other research programs.
“I think that the assessment’s results are very robust, given the 
large number of experts who were consulted,” said Guy Hareau, an 
agricultural economist at CIP and leader of the priority assessment 
task force. He explained that between 2012 and 2013, 1,681 
experts around the world completed questionnaires on banana, 
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cassava, potato, sweetpotato and yam constraints and research 
needs. “The surveys were open to all of the experts in these crops 
and calls to participate were distributed widely. The results are 
a reflection of the experts’ experience in their field and location. 
National scientists played an important role in this process.”
The assessment consisted of a dynamic, six-step process that 
was largely completed in 2013, though the editing, peer review 
and publishing of reports, and the communication of results will 
continue through 2014. The process included literature reviews to 
identify the key constraints and opportunities for smallholders, an 
analysis of the gender impact expected from the research options, 
in order to make RTB’s intervention’s more gender-responsive, 
and the development of an online crop atlas called RTBMaps (see 
RTBMaps Wins International Recognition, p. 24). 
Analysis of the expert surveys resulted in a short list of research 
priorities for each crop. In the case of banana, the short list was 
determined by more than 40 experts during a workshop in 
Uganda (see Global Musa Experts Identified Banana Research 
Priorities, p. 25). Ex-ante economic evaluations were completed 
for the top priorities to quantify their potential impacts based on 
different adoption scenarios. An economic surplus model was 
used to carry out cost-benefit analyses, linked with estimates 
of the potential number of beneficiaries, hectares affected and 
poverty reduction impacts. 
Table: Top 4 highest ranked research options by crop according to global mean score
Global LAC SSA Asia/P Male Female
Crops and research options Mean score Mean score Mean score Mean score Mean score Mean score
BANANAS and PLANTAINS
Breeding for high yield 4.21 4.14 4.40 4.05 4.25 4.07
Management of fungal leaf disease 4.11 4.40 3.88 3.85 4.16 3.91
Breeding for resistance to fungal leaf diseases 4.11 4.45 3.82 3.85 4.15 3.95
Strategies to improve soil fertility               4.08 4.18 4.18 3.82 4.12 3.89
CASSAVA
Improving shelf life of cassava  roots 4.24 4.28 4.10 4.11 4.23 4.27
Improving production and distribution of elite 
planting materials 
4.24 4.18 4.16 3.79 4.21 4.36
Management of Cassava Mosaic Disease 4.24 3.89 4.29 3.73 4.20 4.34
Cassava products for industrial applications 4.18 4.36 4.04 4.10 4.14 4.27
POTATOES 
Late blight control and management 4.71 4.63 4.77 4.77 4.68 4.80
Breeding for late blight resistance 4.60 4.56 4.52 4.66 4.57 4.78
Breeding for drought tolerance / water use 
efficiency
4.51 4.56 4.34 4.62 4.47 4.67
Breeding for earliness 4.49 4.48 4.66 4.52 4.49 4.49
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The priority assessment was a major cross-center collaboration 
within RTB, by a team of scientists from Bioversity, CIAT, CIP and 
IITA. According to Hareau, the approach, the global scale of the 
exercise and the tools developed for it were just as important as the 
results of the survey and economic analysis.
“The priority assessment was a very important learning exercise for 
RTB,” observed Charles Staver, a senior scientist at Bioversity and an 
assessment team member. “We needed to learn to work together 
on a common task with application across the different crops.  
We needed to bring in many stakeholders from RTB countries.  
We realized that we needed much better statistics and better 
knowledge of how RTB crops are produced to predict the impacts 
of technologies. We also needed to address the planning horizon 
more clearly and think about how our work might be used. I think it 
is one of the most relevant and important pieces of work that I have 
done in RTB.” 
SWEETPOTATOES  
Improving the quality of planting material   4.35 4.29 4.71 4.15 4.30 4.48
Pro-vitamin A (beta-carotene) (breeding) 4.28 4.21 4.70 4.02 4.20 4.51
Breeding for high yield 4.26 4.21 4.61 4.10 4.21 4.41
Improving production and distribution of elite 
planting materials
4.21 4.21 4.46 4.08 4.19 4.27
YAM 
Improving shelf life of yam tubers 4.30 4.50 4.47 n.d. 4.25 4.58
Improving soil fertility 4.17 4.17 3.98 n.d. 4.15 4.41
Improving small scale processing of yam 4.13 3.80 4.23 n.d. 4.02 4.55
Improving technologies for farmer-based 
planting materials
4.10 4.50 4.13 n.d. 4.15 4.13
 Note: scores range from 1 (not important) to 5 (most important).
Tahirou Abdoulaye, an agricultural economist at IITA and member 
of the assessment team, said he was pleasantly surprised by 
the degree to which scientists at the RTB centers embraced 
and contributed to the priority assessment. “This exercise was 
an example of how I expected all CGIAR Research Programs to 
function,” he said. “All the centers came together and used the same 
approach to tackle the problem for different crops and regions. We 
now have a collaborative network of impact specialists in RTB.”
Hareau observed that the way the team set up the questionnaires 
and identified experts, and the specific tools they used, such as 
the modeling framework and software, could be useful for other 
organizations. He added that scientists involved in other Research 
Programs have expressed interest in learning from the RTB approach. 
“This is probably the most rigorous and extensive priority 
assessment that has been completed to date within the CGIAR 
system,” he said.
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even mean differences of 0.20 are likely to be of statistically significant at 5% level.
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Hareau noted that the assessment results show that the RTB centers 
are on the right track, since they are already doing research in the 
areas that the majority of scientists indicated as priorities. He said 
that the results also confirm the importance of the technologies 
targeted by RTB flagships. 
In addition to publishing and communicating the results of the RTB 
research priority assessment, the scientists who executed it will 
explore possibilities for further collaboration in 2014. They hope 
to share their approach and methods with other CGIAR Research 
Programs and they have a proposal to do impact assessments of 
past interventions by the RTB centers to measure how successful 
they have been. This would complement the Strengthening Impact 
Assessment in the CGIAR (SIAC) project and the results of the 
Diffusion and Impact of Improved Varieties in Africa (DIIVA) project 
(see DIIVA Studies Provide Useful Data for RTB Planning, p. 26).
“The idea is to keep the momentum going with the priority 
assessment task force, to expand it, and to come up with new 
projects and new approaches,” Hareau said. “We want to keep our 
community of practice working together.”
RTB Maps Wins International Recognition and Continues to Grow
RTBMaps, an online GIS (Geographic Information Systems) site 
developed by researchers at CIAT, CIP, IITA and Bioversity, was 
recognized with a Special Achievement in GIS (SAG) Award at the 
2013 Esri International User Conference – the world’s biggest GIS 
gathering, attended by approximately 15,000 specialists each year. 
RTBMaps was chosen from a wide field of GIS projects thanks 
to its innovative use of the latest mapping software and cloud 
technology to help users visualize and analyze an array of 
information related to RTB crops on a global scale. The open-source, 
online atlas allows users to combine and compare information 
about crop production, abiotic and biotic constraints and varied 
socioeconomic indicators.
Glenn Hyman, of the CGIAR Consortium for Spatial Information 
(CSI), coordinates the RTBMaps project. He observed that the award 
is recognition of the work of ten people at the four CGIAR centers 
who created the maps on the site. He explained that the initial 
goal of RTBMaps was to take maps out of the GIS labs and make 
them accessible to the scientific community in general. Since it was 
launched in early 2013 with two-dozen map layers, GIS specialists at 
the four centers have continued to create new maps using the latest 
data, bringing the number of map layers on the site to 42 by the 
end of the year. Hyman noted that the RTBMaps team will continue 
adding map layers in 2014, as well as new applications such as a 
multi-decision analysis tool.
Hyman explained that another improvement to RTBMaps is the 
option for users to access data from hundreds of agricultural field 
trials completed around the world via AgTrials, an information 
portal that was developed by the CGIAR Research Program on 
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Climate Change, Agriculture and Food Security (CCAFS). RTBMaps 
users also have the option of downloading the data used to create 
most of the maps on the site. 
By making research data available to anyone who needs it and 
presenting an array of agronomic and socioeconomic information 
related to RTB crops in a user-friendly way, RTBmaps can help 
users around the world to make better informed decisions about 
where and how interventions can achieve the greatest impact in 
improving food security, nutrition and income. See www.rtb.cgiar.
org/RTBMaps/
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Global Musa Experts 
Identified Banana 
Research Priorities
As part of the RTB research priority assessment, banana 
experts from around the world identified the top 
research priorities for that crop at a Global Musa Expert 
Workshop held in Kampala, Uganda on April 8-11, 2013. 
The workshop, which was co-hosted by Bioversity, 
CIAT, IITA and Uganda’s National Agricultural Research 
Organization (NARO), brought together more than 40 
experts from 17 organizations. However, a much larger, 
global audience was engaged in the event via a real-
time e-forum available in three languages, which was 
organized by ProMusa – a banana knowledge-sharing 
platform managed by Bioversity – in collaboration with 
the regional banana networks. 
The meeting’s primary focus was the banana expert 
survey, which received input from 524 scientists from 
54 countries. Based on the survey results, workshop 
participants compiled and agree upon a list of research 
priorities. Working in groups, they also estimated 
preliminary quantitative parameters for the impacts of 
those priorities, as well as estimates of average farmer 
yield and yield variability for the five major banana 
cultivar groups in different production systems.
© R. Swennen/Bioversity
Banana cultivars. 
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Communications and Knowledge Sharing
RTB Communication Strengthens Research Community
As RTB expands its network of partners, communication is especially 
important for creating a cohesive research community, and 
informing a growing audience of stakeholders about the program’s 
goals and achievements. The RTB communications team continued 
its outreach in 2013 through the development of materials, such as 
posters and brochures, and Web 2.0 communication, which created 
a growing online community of participants.
The virtual community served by the RTB blog, e-newsletter and 
social media more than doubled in size in 2013. It includes scientists, 
development experts and representatives of NGOs, national and 
regional organizations and the private sector. The number of people 
who ‘like’ the RTB Facebook page grew from 206 at the end of 2012 
to 587 at the end of 2013 – almost a threefold increase, with 32% 
female users. The number of Twitter followers grew from 176 to 
679 in 2013, which is almost a fourfold increase. While Facebook 
and Twitter are used to share news, events and publications on RTB 
crops, the priority is to inform the community about the research 
program’s accomplishments by directing them to articles on the RTB 
Blog. A quarterly e-newsletter was launched in 2013 that also links 
to the latest blog posts, and the RTB news section was more active, 
with almost 50 articles posted in 2013.
Banana Knowledge Resource Center a Major Asset
The Banana Knowledge Resource Center (KRC), managed by 
Bioversity, is an increasingly important asset for the banana research 
community, with more than 80,000 visits in 2013. The highest 
increase in visits was recorded for the main ProMusa website, which 
experienced an 83% increase compared to 2012. The KRC consists 
of the ProMusa site, a ProMusa Blog, a collaboratively written 
compendium of banana knowledge (Musapedia), a news section 
(InfoMus@), a bibliographic database (Musalit), an image bank 
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DIIVA Studies Provide   
Useful Data for RTB Planning
The results of the Diffusion and Impact of Improved Varieties 
in Africa (DIIVA) project – a CGIAR initiative to collect data on 
the adoption of improved varieties of 21 crops in Sub-Saharan 
Africa – produced useful information for RTB planners and 
researchers.  
In general, 65% of the improved varieties adopted originated 
in CGIAR-related materials. The CGIAR share for 10 of the 20 
crops analyzed was above 80.
Nationally, the adoption estimates of improved potato 
varieties in Africa for 2010 are 1% in Malawi, 22% in Ethiopia, 
29% in Kenya, 36% in Rwanda and 74% in Uganda. Weighted 
average adoption across the five countries is about 35%. 
However, except in Ethiopia and Kenya, the average varietal 
age of improved varieties is more than 20 years. 
A nationally representative survey found low adoption of 
improved sweetpotato varieties in Rwanda (less than 1%) 
and Uganda (less than 9%). Experts estimate higher rates of 
adoption for Mozambique (9%) and Burundi (26%). 
Cassava exhibited higher adoption of improved varieties than 
the other RTB crops studied by the DIIVA project: 40% compared 
to 34% for potato, 30% for yam, 7% for sweetpotato or 6% for 
banana. The majority of study countries have substantially 
higher levels of uptake of improved cassava varieties now than 
they did in the late 1990s, which is good news for research and 
development organizations working in Africa, and specifically 
for RTB’s current cassava improvement initiatives.
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(Musarama) and a contact database (Musacontacts). See www.
promusa.org/
The KRC platform supported and/or reported on various RTB 
initiatives in 2013, notably the priority assessment for banana 
research, for which the website was used to reach out to 
stakeholders. That section attracted a significant number of visitors 
when the results of the banana expert survey were posted and 
when updates were sent out to the ProMusa community during 
the RTB-funded Global Musa Expert Workshop, which confirms the 
platform’s capacity to connect with banana stakeholders. 
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Promoting a New Focus on Yam in West Africa
Yam is a very important crop in West Africa, where five countries 
(Benin, Côte d’Ivoire, Ghana, Nigeria and Togo) are responsible 
for 93% of world production. Though it has been cultivated for 
thousands of years, the potential of the “King of Crops” - as yam 
is known in Nigeria - has been largely underexploited, which is 
something that RTB intends to change. 
One of the activities that RTB has supported to help local partners 
harness the crop’s full potential was the first Global Conference 
on Yams, held in Accra, Ghana from October 3-6, 2013. With more 
than 150 participants from 20 countries, the conference provided 
an opportunity for stakeholders to explore recent innovations in 
yam improvement, share lessons learned, identify research and 
development needs, and forge international alliances.
In the words of Robert Asiedu, IITA Director for Western Africa and 
the RTB Management Committee Member: “The event provided 
a platform for consultation and development of a global strategy 
for improving the yam sector based on genetic enhancement; 
crop protection and mitigation of risks due to pests, diseases and 
climate change; conservation of genetic resources; prevention of 
postharvest losses; improved seed systems; crop diversification; 
and enhancing the industrial potential of yam and improved 
market access.” 
Following the conference, on October 8, 2013, Ghana launched 
a national yam value chain strategy, which resulted from a 
participatory methodology that IITA developed in partnership with 
the United Nations International Trade Centre, based in Geneva, 
Switzerland. IITA also teamed up with the Ministry of Agriculture of 
the Democratic Republic of Congo in 2013 to analyze yam value 
chains (see Enhancing Yam Value Chains, p. 69).
Research-for-development on yam also benefits from the 
knowledge sharing that RTB has facilitated. An example is the 
establishment of an aeroponics propagation facility for yam 
at IITA headquarters in 2013 based on designs adapted from 
similar facilities built by CIP for potato in East Africa (see IITA Uses 
Aeroponics to Produce Seed Yams, p. 58).
© V. Durroux/CIP
Transporting bananas in Bungoma, Kenya.
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implementation of gender training workshops in Colombia, Uganda 
and Bangladesh that were attended by a total of 81 researchers from 
the RTB centers and their partners. Kirscht also organized a gender 
workshop for IITA researchers and partners in Ibadan, Nigeria.
“The reason we began with capacity building was the clearly 
expressed demand from RTB Theme Leaders and Center Focal 
Points for improvement in the capacity of RTB researchers to 
integrate gender into research,” Mudege said. “We received a lot of 
requests from scientists at the different centers for help in including 
gender in their proposals, but the gender focal points became 
overstretched. So we decided to help the scientists gain basic skills 
in integrating gender into their work.”
Kayte Meola, the Gender Focal Point at CIAT and an Associate 
Research Fellow at the International Food Policy Research Institute 
(IFPRI), co-coordinated the Colombia workshop with Mudege. She 
said that the response of participants was quite positive, but added 
that increasing technical capacity is just one step in the process of 
mainstreaming gender. 
Sowing the Seeds of Gender-Responsive 
Research
RTB took important steps toward mainstreaming gender across 
participating centers and various research initiatives in 2013. An 
RTB gender strategy was completed and approved early in the 
year by the CGIAR Consortium; Netsayi Noris Mudege was hired as 
RTB Gender Research Coordinator; capacity building was initiated 
for RTB scientists; and gender integration research began in Asia 
(Bangladesh), Africa (Burundi, D R Congo, Malawi, Nigeria, Rwanda, 
Tanzania and Uganda) and Latin America (Bolivia, Colombia, 
Ecuador and Peru).
Gordon Prain, Science Leader for the Social and Health Sciences 
Global Program at CIP and the RTB Theme Leader for gender, 
noted that the long-term goal of these investments is to make 
RTB research and development interventions more equitable and 
effective. “Practically all agricultural systems involve women. Some 
agricultural systems primarily involve women – in some cases as 
producers, in others as traders or in processing – and women are 
involved as primary actors in consumption. So the failure to involve 
women and use a gender-equitable approach to technology 
development and employment can result in – according to one 
FAO estimate – a loss of 20-25 percent productivity,” he said. “Our 
job is to improve food security, reduce poverty and improve the 
nutritional status of children, and to do that, we need to be gender- 
sensitive to understand how to go about technology development. 
It’s not gender equity for its own sake, it’s gender equity in order to 
do a better job.” 
Building Capacity
Mudege explained that her first duties were to make the RTB 
gender strategy operational and ensure that gender work was 
coordinated across the four CGIAR centers. She collaborated with 
the gender focal points at other centers (Kayte Meola at CIAT, Anne 
Rietveld at Bioversity and Holger Kirscht at IITA) on the design and 
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“There has been a gradual understanding that gender is central 
to the research that is going on,” said Prain, adding that scientists 
who had never integrated gender into their research before 
have begun to do so since participating in the workshops. Prain 
cited the example of Thomas Miethbauer, a CIP economist who 
participated in the gender capacity training in Bangladesh and 
immediately began applying what he had learned to his research 
(see Integrating Gender into Pest Management Research, p. 53).
Integrating Gender into Research
Gender integration research initiated in 2013 included a 
literature review by Mudege on gender and RTB seed systems. 
She also began field research for a gender analysis of potato and 
sweetpotato seed systems in Malawi (see Gender lens for a Malawi 
Sweetpotato Project, p. 60). Silvia Barone, a value chain specialist 
for Latin America with CIP whose research is supported by RTB 
and PIM, began integrating gender into her market chain work 
with potato farmers in Colombia and Ecuador. Nadezda Amaya, 
a gender specialist with CIP for the Andes region, undertook a 
sex-disaggregated analysis of data collected in the field in Bolivia, 
Ecuador and Peru.
IITA Gender Focal Point Holger Kirscht coordinated research on 
cassava monitoring and soil fertility improvement training in 
villages in or near three national parks in Cameroon that included 
strong participation by women. IITA researchers also began field 
surveys in Nigeria and Cameroon on men’s and women’s cassava 
preferences to enhance efforts to breed and distribute improved 
cassava varieties. In East Africa, Bioversity Gender Focal Point and 
Value Chain Specialist Anne Rietveld launched a gender-responsive 
study of banana beverage value chains in Burundi, Democratic 
Republic of Congo, Rwanda, Tanzania and Uganda (see Studying 
Banana Beverage, p. 69). In northern Colombia, Meola began a 
study in 2013 on the gender implications of the transition from 
traditional to industrial cassava markets (see Studying the Gender 
Implications, p. 68). 
 “Researchers are coming to realize that gender needs to be 
included in many types of agricultural research, but we still face 
challenges,” said Prain. “Gender is still seen by some scientists as ‘an 
extra,’ which can be included only if additional funding is provided. 
What we try to explain is that if you include gender in a project 
when you design it, it won’t add costs and you can achieve more 
significant outcomes more efficiently.”
Prain explained that by late 2013, RTB was poised for a major 
expansion of work on gender in agriculture through joint leadership 
of, and participation in a global strategic gender research project 
involving more than 10 CGIAR Research Programs. That initiative 
aims to establish a better understanding of the relationship 
between gender norms and agency and agricultural innovation in 
different socio-economic and cultural settings in order to achieve 
more effective and equitable development outcomes.
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THEMES 1+2
Harnessing 
Genetic Resources
Developing Improved 
Varieties
32
The closely linked RTB themes of ‘Unlocking the value and use 
potential of genetic resources’ and ‘Accelerating the development 
and selection of cultivars with higher, more stable yield and added 
value’ were a major focus of RTB investment in 2013. RTB centers 
and partners undertook varied efforts around the globe to improve 
the collection, conservation and study of genetic resources and to 
enhance the development of new varieties that will contribute to food 
security, better diets and poverty reduction in the developing world.
Unlocking the Value and Use Potential of 
Genetic Resources
The RTB centers have long been leaders in the collection and 
conservation of root, tuber and banana genetic diversity and the 
use of that germplasm for the development of improved varieties. 
In 2013, RTB supported specific efforts to improve the collection 
and conservation of germplasm while investing in next-generation 
genetic and metabolite research in order to produce data that can 
be used to accelerate the translation of those genetic resources 
into robust varieties.
One of these initiatives is an international effort to assess and 
monitor root, tuber and banana biodiversity in-situ (in-the-field) 
at a series of hotspots (areas of high landrace diversity) around 
the world (see Monitoring RTB Diversity in-situ, p. 34). Bioversity 
coordinated a banana germplasm collection mission with scientists 
from the Indonesian Tropical Fruit Research Institute and other 
organizations in a triangle formed by the Indonesian islands of 
Sulawesi, the Maluku Islands and the Lesser Sunda Islands. The 
region was identified as a top priority because of its strategic 
location at the intersection of the geographic distribution of 
Musa acuminata subspecies, whose genetic signature has been 
found in many cultivated bananas. The scientists collected 35 new 
accessions of wild and edible diploid bananas that are currently 
growing at the Indonesian Tropical Fruit Research Institute in Solok, 
West Sumatra in preparation for introduction to the International 
Transit Centre (ITC), from where they will be available for breeding 
and evaluation in other regions. RTB also funded a workshop 
on best practices for Musa (banana and plantain) germplasm 
collection and data management held in Guadeloupe in December 
of 2013 (see Improving Musa Germplasm Collection, p. 33)
RTB has facilitated knowledge sharing by scientists at CIP 
and Bioversity on in-vitro conservation and cryopreservation. 
CIP’s genebank has benefited from Bioversity’s experience in 
cryopreservation methods. CIP researcher Ana Panta has been 
carrying out research on “Improved cryopreservation methods for 
potato (Solanum spp.) based on the analysis of cell components 
Harnessing Genetic Resources Developing Improved Varieties
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affecting cryoprotection” in close collaboration with Bioversity 
and the University of Leuven (KU Leuven), in Belgium. RTB and the 
CGIAR Research Program on Genebanks are currently supporting 
Panta’s PhD research.
In an effort to improve the collection and preservation of cassava 
landraces in Southern, Eastern and Central Africa, IITA and GCP21 
collaborated on the organization of an international conference 
in Dar es Salaam, Tanzania in June of 2013 (see Experts Propose 
Initiative to Conserve Cassava Landraces in Africa, p. 35).
As a contribution to efforts to prevent the spread of diseases via 
germplasm, CIRAD scientists coordinated the screening of banana 
accessions from the ITC for the presence of Banana Streak Virus 
(BSV). Genotyping for a series of markers was used to detect and 
categorize BSV species present in the different banana accessions. 
At the same time, CIAT contributed to improved safety for future 
cassava germplasm exchanges through the introduction of new 
protocols for cassava virus testing. PCR (Polymerase Chain Reaction) 
techniques were adapted to test for newly discovered cassava 
viruses such as the Reovirus, Luteovirus and Torrado-like virus, 
which are a problem in the Americas, but nowhere else. The new 
tool can be used for monitoring to assure that those viruses don’t 
spread to Africa or Asia.
Improving Musa Germplasm Collection and Data Management
As part of a global effort to improve the collection and handling of 
Musa (banana and plantain) accessions, RTB partners supported 
a workshop on best practices for germplasm collection and data 
management held in Guadeloupe in December of 2013.
Organized by MusaNet and Bioversity in collaboration with CIRAD 
and the Centre for Biological Resources - Tropical Plants (NRA-
CIRAD), the workshop brought together curators from 12 Musa field 
collections across the globe. Its goals included sharing knowledge 
on the importance of good lab, field and data management and 
information on how to move forward with the Taxonomic Reference 
Collection (TRC), which aims to test the stability of descriptors 
across environments and to become a key reference in field 
collections.
A set of 34 cultivars representing the basic variation in edible 
bananas and their wild relatives, referred to as the TRC, has been 
planted in 12 important field collections in order to develop 
and test descriptors that could be applied across a range of 
environments. A key step in establishing the TRC is to achieve 
taxonomic agreement on the cultivars, which would then serve 
as the standard reference for all relevant taxa and eventually be 
planted in all Musa field collections. 
Participants gained a better understanding of the specific Musa 
morphological descriptors and how Musa characterization data 
is managed and documented through the Musa Germplasm 
Information System (MGIS).
“The workshop opened the eyes of the participants,” observed 
Nicolas Roux, a senior scientist at Bioversity and the RTB theme 
leader for genetic resources. “Thanks to the advice and discussion 
with experts in the field, the curators have a better understanding 
that the characterization of Musa is complicated but achievable.”
According to Roux: “One of the most important next steps 
is to put together a solid team to address the limitations of 
the Musa descriptors; this would include curators from each 
region working very closely together to develop a sustainable 
approach to characterization, taking into account the past 
experience of experts.”
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Monitoring RTB Diversity in-situ to Help Farmers Adapt to a 
Changing World
Though scientists and naturalists have been collecting plants and 
seeds for centuries and the world’s gene banks hold thousands 
of crop accessions, little is known about the state of agricultural 
biodiversity in the field. Trends such as global warming, 
globalization, changes in pest and disease pressures and rural-
urban migration are commonly believed to be impacting crop 
biodiversity, but without baseline information and monitoring in 
the field, it is impossible to know to what degree genetic erosion 
(loss of diversity) or genetic enrichment (increased diversity 
through evolution) are occurring. 
RTB has consequently launched an international effort to 
systematically assess and monitor root, tuber and banana 
biodiversity at a series of hotspots (areas of high landrace 
diversity) scattered around the globe. This ambitious in-situ 
(in-the-field) monitoring initiative will develop a platform 
for studying the long-term conservation dynamics of crop 
biodiversity and modeling what might happen to that diversity 
in the future. “In the era of globalization and climate change, the 
idea is to take the pulse of the genetic diversity of RTB species and 
landraces, something that has already been done for wild flora 
and fauna, but which has not been done for these important food 
crops,” said Stef de Haan, Leader of Genetic Resources at CIP and 
the coordinator of the RTB initiative.
According to de Haan, conserving agrobiodiversity in-situ is 
important because landraces continue to evolve, and as they adapt 
to climate change and other pressures, they may develop traits 
that could be exploited by breeders in the future. He added that 
landrace diversity is vital for the food security and livelihoods of 
countless rural communities, whereas systematic in-situ research 
could help to fill many of the gaps that exist in genebanks.
Experts from the five RTB centers participated in a workshop in 
Huancayo, Peru, in November of 2013 to plan the in-situ monitoring 
initiative, determine minimum indicators, and design a common 
framework for baseline studies of genetic and landrace information 
and spatial distribution at hotspots around the world. Those 
experts then met at CIP headquarters in Lima, Peru to plan an 
in-situ conservation flagship that will build upon the monitoring 
network and baseline data collection. 
“The initiative is based on the basic scientific precept that an 
experiment should be replicable. If scientists return to one of 
the sites where the baseline has been established 10 years later 
and look at the same indicators, they should be able to measure 
agrobiodiversity loss or enrichment,” de Haan said.
“This is the first initiative to define methodologies for monitoring 
agricultural biodiversity in-situ, using RTB crops as a model,” noted 
Ehsan Dulloo, leader of Bioversity’s Conservation and Availability 
Program. “It will make a major contribution to the global effort to 
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monitor the status and trends of agricultural biodiversity, of which 
RTB crops are an important component.”
This cross-center collaboration will build upon the experience of 
a CIP initiative to systematically monitor potato agrobiodiversity 
in-situ in five South American countries called Chirapaq Ñan 
(“Rainbow Route” in the indigenous language Quechua). It has 
established a network of scientists, development professionals, 
NGOs, public institutions and farmers that began work at four 
hotspots in 2013: two in Peru, one in Bolivia and one in Chile. It will 
be expanded in 2015 to include hotspots in Argentina, Colombia 
and Ecuador. 
The RTB initiative will also benefit from lessons learned in an 
approach for conserving the genetic diversity of aroids (Colocasia 
esculenta and Xanthosoma sagittifolium) that CIRAD researcher 
Vincent Lebot developed in Vanuatu, and has since tested in other 
countries. That approach includes sampling and determining the 
geographic distribution of genotypes, providing farmers with 
clones to increase the genetic diversity in their fields, and letting 
them select the varieties that best suit their needs.
Dulloo pointed out that there are opportunities to link the RTB 
monitoring initiative to comparable global efforts, such as a FAO-
coordinated global network for in-situ conservation and on-farm 
management. “This initiative will help to raise awareness about 
the amount of diversity of RTB landraces and wild relatives in the 
field and the importance of that diversity for local communities,” 
he affirmed. 
Experts Propose Initiative to Conserve Cassava Landraces in Africa
IITA and GCP21 collaborated on the organization of an international 
conference in June of 2013 to promote the collection, evaluation 
and preservation of cassava landraces in Southern, Eastern and 
Central Africa. The meeting, which was held at IITA’s East Africa 
hub in Dar es Salaam, Tanzania, brought together approximately 
40 scientists from Bioversity, CIAT, IITA, the East Africa Agricultural 
Productivity Project (EAAPP), the Southern Africa Development 
Community (SADC) the Global Crop Diversity Trust and national 
agricultural research organizations of Burundi, Democratic Republic 
of Congo, Kenya, Madagascar, Malawi, Mozambique, Tanzania, 
Uganda and Zambia. 
Participants set the foundation for an initiative to improve the 
collection, evaluation and preservation of the region’s cassava 
landraces, which are severely underrepresented in genebanks 
and threatened by diseases – primarily cassava mosaic disease 
(CMD) and cassava brown streak disease (CBSD). In the process, 
the initiative aims to document farmer preferences and traditional 
knowledge about landraces collected, to enhance their usefulness 
for breeding programs.
 “We are in danger of losing very valuable genetic material and 
indigenous knowledge that the farmers have collected over 
the years at a time when we cannot afford it, due to the disease 
pressure that cassava faces, in particular CBSD,” said GCP21 Director 
Claude Fauquet. 
Christopher Omongo, Coordinator of the EAAPP Cassava Regional 
Centre of Excellence, in Uganda, hailed the proposal, noting that 
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Uganda has already lost many of its cassava landraces to disease. “In 
Uganda, we documented that we lost nearly 500 landraces in the 
1980s due to CMD. With this proposed initiative, such a thing will 
not happen again,” Omongo said.
In the words of IITA molecular scientist Morag Ferguson, who co-
organized the conference with Fauquet: “We need genetic diversity 
and farmer knowledge to develop varieties that will be accepted 
and adopted by farmers. However, we do not currently have such 
a database. Most of the local landraces exist only in the farmers’ 
fields. It is therefore important for the cassava community to come 
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together to collect, evaluate, identify and preserve these valuable 
varieties, for the sake of the smallholders and the breeders.”
Among the conference’s products were a universal questionnaire for 
the collection of cassava landraces and a proposal to establish two 
cassava germplasm databanks – one in the EAAPP Cassava Regional 
Centre of Excellence at the National Crops Resources Research 
Institute (NaCRRI), in Namulonge, Uganda and one at the IITA hub in 
Dar es Salaam, Tanzania. Participants are working on a white paper 
on the collection, evaluation and preservation of cassava landraces 
in 10 countries in Eastern, Central and Southern Africa.
Nadezda Amaya, CIP regional gender specialist for the Andes, 
is using a mix of quantitative and qualitative data to better 
understand how the perceptions and opportunities of men and 
women differ, and generate information that can help the center 
and its partners to improve interventions. 
When Amaya started working at CIP in October 2013, she began 
by conducting sex-disaggregated analysis of data that had been 
collected in Bolivia, Ecuador and Peru. Amaya and her colleagues 
have complemented that data with information from focus 
groups, in order to clarify discrepancies and fill in gaps. “The 
problem is that gender wasn’t considered when these studies 
were designed,” she said, adding that the focus groups helped 
to answer some of the questions she had while examining the 
survey data. 
Amaya conducted a sex-disaggregated analysis of PVS data 
collected by researchers from CIP in collaboration with Peru’s 
National Institute for Agrarian Innovation (INIA) and various non-
governmental organizations. The data was collected in six Peruvian 
regions over the course of five years with the participation of 
more than 2,900 farmers in 87 communities, 43 percent of them 
women. While the data allows for an analysis of differences in the 
trait preferences of men and women, Amaya believes that much 
more gender data could be collected through the participatory 
varietal selection process and she hopes to help the researchers 
enhance the PVS in 2014. 
She is also looking forward to participating in an ongoing 
effort to make the participatory market chain approach (PMCA) 
gender-responsive, which includes knowledge sharing among 
researchers in Africa and South America. It is a logical area for her 
to contribute, since she did her master’s thesis research on the 
roles of gender and access to information in the market choices 
of Bolivian potato farmers. 
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RTB has prioritized the development of next-generation breeding 
systems based on the collection and application of genetic, 
metabolite and phenotype data to crop breeding. Gender-
responsive analysis of farmers’ crop usage will also be used to guide 
the development of higher-yielding and/or resilient RTB varieties 
with farmer-preferred traits. In mid-2013, RTB scientists engaged in 
the development of a “discovery flagship” for the implementation 
of next-generation breeding systems through a multi-disciplinary, 
transformational breeding platform that will guide RTB investment 
in the coming years.
This initiative saw significant progress on gene sequencing and 
metabolite profiling of RTB crops in 2013, which constitutes the 
beginning of the development of next-generation breeding 
systems (see ‘Omics’ Research to Enhance, p. 40). In order to 
manage the vast amounts of data that such research generates, RTB 
is also investing in the development of bioinformatics platforms. 
(see Bioinformatics Key to Using, p. 42).
These platforms will complement cassavabase.org, a database for 
cassava genomic and breeding information that was launched in 
April of 2013. A collaboration of Cornell University, IITA, Nigeria’s 
National Root Crops Research Institute and Uganda’s National 
Agricultural Research Organization, cassavabase.org will curate 
field research and genomic information generated by the Next 
Generation Cassava Breeding (NEXTGEN Cassava) project and RTB.
Cassava
While investing in next-generation technologies, RTB supports 
ongoing efforts to improve crops. This includes collaboration 
between IITA and CIAT for the development of cassava genotypes 
with high beta-carotenoid content and other vital attributes, 
such as disease and pest resistance, high yield and dry matter, 
and suitability for local preferences. CIAT’s high-throughput 
phenotyping system, based on near infrared spectroscopy (NIRS), 
allows for rapid progress in increasing beta-carotene levels. 
Researchers from CIAT, CIP and CIRAD collaborated on a study 
to evaluate the potential of NIRS and chromameter technology 
for predicting cassava dry matter, cyanide and beta-carotenoid 
content, which could enhance screening for breeding programs. 
A first batch of seed from varieties with high beta-carotene 
content, crossed with sources of resistance to cassava mosaic 
disease, was prepared for shipment to IITA for testing in Nigeria 
in 2014. Three pro-vitamin-A cassava varieties developed by IITA 
and partners were released in Nigeria in 2013 and delivered to 
over 100,000 smallholders by HarvestPlus: a project of the CGIAR 
Accelerating the Development and Selection of Cultivars with Higher, 
More Stable Yield and Added Value
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Research Program on Agriculture for Nutrition and Health (A4NH). 
More than 30,000 of those smallholders were trained in best 
agronomic practices for cassava. During this first dissemination 
of pro-vitamin-A cassava, the IITA cassava breeding unit and RTB 
gender focal point Holger Kirscht developed a methodology for 
assessing differentiated experiences with the improved varieties 
among women and men, as well as their postharvest processing 
characteristics. This information will be used to improve the next 
phases of pro-vitamin-A cassava breeding. 
CIAT’s long-term collaboration with the Thai Tapioca Development 
Institute and Kasetsart University, in Thailand, on the development 
of new cassava varieties with amylose-free starch resulted in the 
identification of three promising varieties in 2013, though they 
still require some testing before they are ready for commercial 
production. There is growing demand for amylose-free (commonly 
described as waxy) starch in the processed food industry, which 
means the varieties could benefit farmers and the industry alike. 
CIAT has entered into similar agreements with national partners 
and the private sector in Colombia and Brazil to develop amylose-
free varieties. 
Banana 
In October of 2013, approximately 40 banana and plantain 
experts from leading Musa research and breeding programs 
gathered in Douala, Cameroon to discuss the main challenges 
and priorities for breeding banana and plantain, and to develop 
a project proposal for enhancing cross-breeding of bananas and 
plantains for Africa. The RTB-supported workshop, which was 
co-organized by IITA and the Centre Africain de Recherches sur 
Bananiers et Plantains (CARBAP), was held to promote greater 
knowledge sharing and cooperation among Musa breeding 
programs. Its specific goals included reviving plantain breeding 
in West Africa and tapping the potential of genomic and 
metabolomic data to enhance breeding for traits such as pro-
vitamin-A content and resistances to pests, diseases and abiotic 
stresses that climate change is expected to exacerbate.
Smallholders in Uganda will benefit from the 2013 release of 26 
high-yielding, black-Sigatoka-resistant hybrid varieties of the 
East Africa highland banana, also known as cooking banana or 
matoke. Those varieties are a result of more than 20 years of joint 
breeding efforts between Uganda’s National Agricultural Research 
Organization (NARO) and IITA.
Potato and Sweetpotato
CIP made important progress in 2013 on the development of 
improved potato and sweetpotato varieties. Viral diseases are major 
constraints to sweetpotato production, and CIP researchers have 
identified 12 clones with resistance to sweetpotato viruses. Three 
varieties were released in Peru’s Amazon lowlands, with potential 
spillovers in other humid tropical regions. Two populations of 
sweetpotato with high dry matter and starch, and two with high 
iron and zinc content, were developed from intra-genepool crosses 
among clones with high combining ability. Average increases of 
12.5% in dry matter, 11.1% in starch, 28.2% in iron and 18.4% in 
zinc were registered over the widely cultivated clone Resisto. These 
populations will be used for the development of new varieties with 
high nutritional value. 
Potato breeders at CIP made good progress toward improving 
resistance to biotic stress, particularly potato late blight, which 
is the main biotic constraint for the crop. Three markers for late 
blight resistance were identified in a population of 103 genotypes. 
In addition, transgenic events produced from the potato variety 
Desiree were found to have resistance to late blight, and varieties 
were identified as candidates for transformation. 
C88 is a widely adapted, high yielding potato variety with late 
blight resistance developed through a joint program of CIP and 
Chinese NARS. Developing C88 required broad genetic diversity 
maintained at the CIP genebank, with crosses from the Solanum 
species andigena, tuberosum and demissum. Aggregate benefits 
in 2010 were estimated at US$ 350M and should increase to US$ 
465M per year, if an adoption ceiling of 600,000 hectares is reached 
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in 6-8 years. Economic benefits to the poor are estimated to be US$ 
192M per year. 
CIP also published an interactive, user-friendly catalog of “Advanced 
Potato Clones and Varieties” online and on DVD in 7 languages. 
It provides images, molecular data and information on the main 
attributes (including diseases resistance) of 439 advanced clones 
and 70 varieties. 
‘Omics’ Research to Enhance and Accelerate Crop Breeding
RTB researchers collaborated with a growing network of scientists 
at institutions around the world in 2013 as part of an ambitious 
effort to unlock the genetic and metabolic information in root, 
tuber and banana crops and use it to help breeders develop better 
varieties more quickly.
This cutting-edge initiative incorporates the latest advances in gene 
sequencing, metabolite profiling, high-throughput phenotyping 
and bioinformatics to identify the genes and cellular processes 
responsible for traits such as resistance to diseases, higher yield or 
drought tolerance, and to use that information to enhance crop 
breeding. It combines research in the three ‘omics’ – genomics (the 
use of DNA sequencing to map a species’ genome and document 
genetic variation), metabolomics (the study of the metabolites 
involved in cellular processes) and phenomics (the study of how 
genes and the metabolic processes they control interact with 
environmental influences to determine phenotype, or traits).
A primary goal is to complete genome-wide association studies 
(GWAS) of the main RTB crops. GWAS involves genome sequencing 
or genotyping of many accessions of a crop and comparing genetic 
information with field data to identify which genes are responsible 
for specific traits. Undertaking GWAS for RTB crops has only 
become possible in recent years, since the first genome sequences 
for potato and banana were completed and published in 2011 
and 2012 respectively, and the first draft of the cassava genome 
was published in 2009. The cassava genome is currently the focus 
of comprehensive mapping under the Next Generation Cassava 
Breeding Project (NEXTGEN Cassava), based at Cornell University, 
which RTB is collaborating with and complementing through 
additional sequencing done by the Beijing Genomics Institute (BGI). 
The five RTB centers have been involved in the initial genome 
sequences of their respective crops, and those reference genomes 
form the foundation of RTB ‘omics’ research. CIP participated in 
the consortium that produced the first sequence of the potato 
genome. CIRAD coordinated the first banana genome sequence 
together with Bioversity and other partners, and significantly 
improved that reference genome in 2013. IITA has played a 
central role in sequencing the yam genome, is one of Cornell’s 
partners in NEXTGEN Cassava, and is collaborating with CIAT on 
complementary research under RTB. 
Whereas NEXTGEN Cassava focuses on breeding populations at IITA 
and national programs in Nigeria and Uganda, RTB is studying a 
much wider selection of cassava germplasm. CIAT and IITA selected 
an additional 820 cassava accessions (532 from Latin America and 
288 from Africa) for genotyping in 2013. RTB plans to genotype at 
least 1,000 more cassava accessions in 2014. 
“This project will greatly advance our understanding of cassava’s 
genetic diversity,” said Peter Kulakow, a cassava breeder and RTB 
Focal Point at IITA. He explained that the data will provide an 
overview of the history of cassava’s domestication and diffusion, 
which can help breeders locate genetic variation within genebanks 
for the development of robust varieties with the traits that farmers 
need. This research and breeding will be strengthened by results of 
a survey of men and women about preferred cassava traits that IITA 
is undertaking with national partners in Nigeria. 
Kulakow explained that IITA has already begun genomic selection 
of cassava, associating data from recent genotyping with 
phenotypic data that researchers have compiled over decades. 
IITA has also adopted high-throughput phenotyping tools, such 
as using tablets to record phenotype data in the field. All of this 
should accelerate the rate of genetic gain (the development of new 
varieties) in the coming years.
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“We’re off and running with genomic selection in Nigeria, and we’ve 
started field trials to evaluate our progress,” Kulakow said.
Progress was also made toward GWAS of the other RTB crops in 
2013. CIP has genotyped 1,190 tetraploid potato breeding lines. 
CIP also sent samples from 150 diploid potato landraces with 
significant vitamin C and mineral concentrations, as well as material 
from four sweetpotato parents, to Cornell University for genotyping 
by sequencing (GBS). IITA sent 576 yam accessions to Cornell 
for GBS, and Bioversity sent samples of more than 400 banana 
accessions to BGI and Cornell.
Luis Augusto Becerra Lopez-Lavalle, a molecular geneticist at CIAT 
and RTB theme leader for development of improved varieties, 
observed that as powerful as GWAS are, they ignore the metabolic 
pathways through which genetic information results in phenotype. 
“We have all this potential, but we don’t know how these genes 
interact with one another and what biological networks they feed 
into,” he said.
To better understand those pathways and identify the metabolites 
associated with traits of interest, RTB has partnered with Royal 
Holloway, University of London, which has been involved in 
metabolomic research on tomato and other crops. Paul Fraser, a 
professor of Biochemistry at Royal Holloway who is coordinating 
the metabolite profiles of RTB crops, explained that they 
complement genomic information by allowing the identification 
of metabolic markers linked to traits of interest, which can be used 
to accelerate the breeding process. “Breeders will be able to move 
much more quickly to integrate the traits that they want, and they 
will get higher genetic gain,” Fraser said.
“I think this is a really great example of synergy in RTB, because 
we have scientists doing something in parallel with all five crops,” 
Kulakow observed. “We’re all using the same service providers and 
similar methods with key collaborators like Paul Fraser. If we did this 
same work under separate projects, it would cost a lot more.”
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gene sequencing and metabolite profiling of banana. One of Ruiz’s 
missions at CIAT is to transfer some of the lessons learned from 
banana to the other RTB crops. One of his first priorities has been 
to develop bioinformatics tools for correlating the metabolite and 
genetic data being generated for banana.
“The idea is to develop something generic while working on 
banana that is applicable to cassava and the other crops,” said Ruiz, 
adding that, he is collaborating with the NEXTGEN Cassava project, 
at Cornell University. 
Ruiz helped to develop and serves as the scientific manager of 
the South Green bioinformatics platform – a clearinghouse of 
tools and databases for genomic research in Mediterranean and 
Southern Hemisphere crops that was created by CIRAD, Bioversity, 
the French National Institute for Agricultural Research (INRA), 
Montpellier SupAgro university and the Institute of Research for 
Development (IRD). He explained that the first priority is to manage 
the genomic and metabolomic data and to help scientists in 
different parts of the world to access and analyze it, after which the 
RTB bioinformatics team will concentrate on developing platforms 
for breeders. 
“One of the things I’m excited about is that everything we’re doing is 
going to be accessible to everyone in the research community,” said 
Kulakow. He added that a pending challenge is to help breeders in 
the RTB target countries to use the information being generated.
As an initial step toward this goal, IITA hosted a two-day 
bioinformatics training for 20 researchers from an array of African 
institutions held in Dar es Salaam, Tanzania last October. RTB also 
supported a five-day workshop on bioinformatics for banana 
organized by the Global Musa Genomics Consortium in Montpellier, 
France in late November, with 14 participants from Africa, Asia and 
the Americas. The development of platforms to make RTB genomic, 
metabolomic and phenomic data accessible to breeders will be 
accompanied by further outreach and training, to ensure that this 
research has the greatest possible impact on the lives of farmers 
and rural families.
Bioinformatics Key to Using Genetic and Metabolite Data for 
Breeding
The international effort to map RTB crop genomes and compare 
that data to metabolite and phenotype information would be 
impossible without bioinformatics: the use of computers to 
organize, analyze and share biological data. The effort requires 
the creation of web platforms that allow researchers in different 
countries to upload, access, and analyze data, and facilitate the use 
of that information for crop improvement.
Gene sequencing produces vast amounts of data, so researchers 
need major computer power to manage, clean, and assemble it 
before they can even begin to associate it with traits. They then 
need interactive platforms to share the information with other 
scientists and associate it with phenotypic data.
The bioinformatics component of RTB’s research initiative is 
especially challenging because genomics is being complimented 
by metabolomics, which significantly increases the amount of 
data. There are approximately 31,000 genes in cassava, 37,000 in 
banana and 39,000 in potato, and each of these crops may contain 
as many as 20,000 metabolites. Next-generation sequencing is 
being completed for thousands of RTB crop accessions, resulting 
in the identification of hundreds of thousands of single nucleotide 
polymorphisms (SNPs), and that data needs to be associated with 
metabolite profiles and phenotypic information from greenhouses 
and varied field environments. 
“Having large amounts of data will allow us to link as much of the 
genomic and metabolomic information as possible to phenotype,” 
said Becerra Lopez-Lavalle. “The challenge is managing so much 
data. We need to convert big data into smart data, so that we can 
translate them into breeding gain.”
Manuel Ruiz, a CIRAD researcher who is a visiting scientist at CIAT, 
is one of the people focusing on this challenge. His team was 
involved in the first complete sequencing of the banana genome 
at CIRAD and is supporting the data management side of ongoing 
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THEMES 3+4
Improving Pest and 
Disease Control          
and Farmer Access       
to Clean Seed
46
Crop pests and diseases constitute major threats to the food 
security and livelihoods of smallholders in developing countries. 
In the case of roots, tubers and bananas, this threat is often 
complicated by the fact that RTB crops are propagated using 
vegetative planting material, as opposed to true seed, so diseases 
can be transmitted from one farm to the next, or from one crop 
generation to the next, via planting material. So in addition to the 
varied pests and diseases that can attack a crop over the course of 
a growing season, it may carry yield-reducing viruses, bacteria or 
fungi from the moment it is planted. 
RTB is building upon the progress made by the different centers 
in recent decades by promoting collaborative research to find 
effective ways to manage the most destructive pest and diseases 
affecting roots, tubers and bananas. At the same time, the program 
is supporting the development of a cross-crop seed system 
framework to improve the availability of low-cost, high-quality 
planting material for farmers. Work under both these themes is 
linked by a seed degeneration initiative that seeks to identify and 
disseminate the best strategies for controlling the transmission of 
pathogens from one planting cycle to the next via planting material. 
Improving Pest and Disease Control and Farmer Access to Clean Seed
Managing Priority Pests and Diseases
RTB is supporting innovative approaches and multidisciplinary 
collaboration among the centers and an array of partners to address 
critical pest and disease threats for roots, tubers and bananas, 
while investing in next-generation scientific research to identify 
genes linked to resistance and accelerate the development of more 
robust varieties. A growing network of RTB researchers is improving 
the state of scientific knowledge and developing sustainable 
management strategies for the most serious RTB crop pests and 
pathogens, especially in Africa, where pests and diseases constitute 
major threats to food security and livelihoods.
Collaborative Responses to Banana Diseases
An example of the power of cross-center collaboration was the 
response to the discovery in 2013 of the banana disease Foc TR4 – 
a major threat to commercial banana farming in Asia – on a farm 
in Mozambique. IITA and Bioversity joined national and regional 
partners in Africa in coordinating a rapid response and a long-term 
strategy for facing that threat (see Collaborating to Contain Banana 
Pathogen Foc TR4 in Africa, p. 49).
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Foc TR4. The collaboration builds upon Bioversity’s years of 
research on TR4 in Asia, which has included the identification and 
dissemination of TR4-resistant Cavendish banana cultivars. That 
work resulted in a success story last year on the Philippine island 
of Mindanao, where smallholders whose commercial banana 
production had been wiped out by the disease managed to produce 
and ship boxes of a TR4-resistant cultivar called GCTCV 219 to Japan 
and China, where they received positive reviews from consumers and 
importers. Bioversity is now working with the Philippines Bureau of 
Agriculture Research and banana industry representatives to scale 
GCTCV 219 cultivation up to levels that would permit farmers whose 
production was devastated by TR4 to resume exporting bananas. 
BBTD. Another major threat to banana production is banana 
bunchy top disease (BBTD), a viral disease that is spreading 
through Central and West Africa. RTB is supporting a cross-center 
initiative to help farmers in eight countries to recover their banana 
production after BBTD outbreaks (see Teaming up to Battle Banana 
Bunchy Top Disease in Africa, p. 50).
BXW.  The bacterial disease Banana Xanthomonas Wilt (BXW) 
is causing widespread crop loss on farms planted with the local 
banana varieties that so many Africans depend on for food and 
income.  The disease has caused billions of dollars of losses in 
banana production in East and Central Africa over the past decade, 
and it continues to spread. 
Bioversity researchers led by Guy Blomme have developed a 
promising, farmer-friendly technique to control BXW that involves 
cutting only the stems that show symptoms of BXW, which allows 
farms to continue producing fruit. Called single diseased stem 
removal (SDSR), the technique was tested at eight experimental 
sites in the Kivu provinces of eastern DR Congo. Preliminary results 
indicate that, irrespective of the initial disease prevalence, SDSR 
can reduce the incidence of BXW to less than 2% in less than 2 
months. However, complete eradication takes much longer and 
requires diligent participation by all the banana farmers in an area. 
Bioversity and the Institutional Learning and Change Initiative 
(ILAC) are collaborating on an RTB-supported collective action 
project to organize farmer associations in South Kivu to apply the 
SDSR technique.
Scientists have yet to discover host plant resistance to BXW, but 
IITA researchers have tested constitutive expression of two genes 
from sweet pepper to determine whether or not they provide 
resistance to the disease. They have developed transgenic banana 
lines with one or both sweet pepper genes, multiplied them in 
vitro, and conducted an initial field trial with transgenic lines 
containing a single sweet pepper gene at Uganda’s Kawanda 
Agricultural Research Station. Evaluation through confined field 
trials of an additional promising set of 10 transgenic banana lines 
was initiated at Kawanda in September of 2013. Further work has 
resulted in the development of 350 new transgenic lines that are 
under multiplication for future confined field trials, whereas further 
genetic modification of additional African banana varieties has 
also been initiated. The promising lines showing BXW resistance in 
the confined field trials were also evaluated against Fusarium wilt 
under screen house conditions, and all of the transgenic plants 
showed lower disease severity and leaf symptom index than the 
non-transformed controls.
BXW is just one of several bacterial diseases that pose serious 
threats to RTB crops. RTB is consequently supporting a cross-crop, 
multi-center Bacterial Disease Initiative to facilitate knowledge 
sharing and cooperation on the development of new strategies for 
detecting and managing these diseases (see Crosscutting Initiative 
Targets Bacterial Diseases of RTB Crops, p. 52).
Confronting Threats to Cassava Production
For cassava, an extremely important staple in Sub-Saharan Africa, 
the biggest constraints are viral diseases, namely cassava mosaic 
disease (CMD) and cassava brown streak disease (CBSD). An RTB 
flagship was designed in 2013 to develop research and tools for 
combating CMD and CBSD, as well as other diseases and pests 
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affecting cassava in Africa. RTB contributed to the facilitation of an 
international conference held at Bellagio, Italy, in May 2013 – co-
convened by GCP21, CIAT and IITA – where more than 30 experts 
created a global alliance and declared war against cassava viruses 
in Africa (see International Conference Produces Roadmap for 
Fighting Cassava Diseases, p. 52.
Cassava frogskin disease (CFSD) is a serious problem in the 
Americas, but isn’t found elsewhere. CIAT virologists have 
discovered three new viruses associated with plants displaying 
frogskin symptoms. All tested plants were infected by a mix of 
viruses, yet no single one appeared to induce the typical root 
symptoms. This led to new indexing protocols for high precision 
monitoring in Africa and Asia, in order to assure that the viruses 
don’t spread beyond the Americas.
CIAT worked with national partners in Colombia, Costa Rica and 
Paraguay to limit damage caused by CFSD through a project 
funded by the Regional Fund for Agricultural Technology 
(FONTAGRO), with input from RTB. In collaboration with 
universities, cassava producers and processors, CIAT scientists 
developed a clean seed production system, identified sources of 
resistance, tested plant extracts as resistance inducers, modeled 
the epidemiology of the disease in different altitudes and latitudes, 
and georeferenced 150 survey sites with information about the 
presence or absence of CFSD symptoms. Researchers also collected 
34 insect species that were tested for viruses associated with CFSD 
in order to identify the disease’s vectors.
CIAT made progress in Asia on the development of management 
strategies for cassava diseases and pests that constitute emerging 
threats in that region. Witches’ broom disease, for example, has 
exploded in Asia in recent years, with outbreaks in Thailand, 
Cambodia, Laos, Vietnam Philippines and southern China. CIAT is 
working with partners to develop detection and monitoring tools 
and to establish control methods such as clean seed production. 
CIAT is also working with local partners to find biological controls 
for the pink mealybug, an invasive cassava pest that was discovered 
in Thailand in 2008 and has since expanded its range into Vietnam, 
Cambodia, Indonesia, Laos and Myanmar.
Understanding Virus Diseases and Insect Pests in Potato, 
Sweetpotato and Yam
Viral diseases are common constraints for tuber crops, and RTB 
is supporting varied efforts to manage them. CIP researchers 
made progress toward mapping sweetpotato virus distribution in 
Africa, which feeds into the development of a global sweetpotato 
pathogen distribution database. Sweetpotato virus surveys and 
RNA extraction have been completed in Angola, Benin, Ethiopia, 
Guinea, Kenya, Nigeria and Tanzania.  
In West Africa, various viruses are associated with yam mosaic 
disease, which reduces a plant’s photosynthetic ability, resulting 
in a serious reduction of yield and quality. Of these, yam mosaic 
virus (YMV), yam mild mosaic virus (YMMV) and cucumber 
mosaic virus (CMV) are most frequently associated with the 
disease. These viruses can cause the disease singly or in mixed 
infections, and because they accumulate in seed tubers, they 
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infect subsequent crop cycles. IITA researchers established a 
single-tube assay for the detection of all the three viruses (YMV, 
YMMV and CMV) in planting materials (tubers, vine cuttings and 
tissue culture planting materials), which can greatly simplify the 
task of assessing plant health and removing infected material 
from planting stocks. In September 2013, a training course 
was organized to disseminate this diagnostic technology to 12 
researcher workers from the national programs of Nigeria and 
Ghana. Using this technology, clones of ‘clean seed yam’ for 
popular landraces in Nigeria have been established and are being 
used as seed stock for rapid multiplication.
CIP completed a project with the International Centre of Insect 
Physiology and Ecology (icipe) in 2013 that resulted in the 
introduction of three parasitoids for biological control of the potato 
leafminer in Kenya. The leafminer fly is native to South America, 
but has become a serious potato pest in East Africa. CIP scientists 
who have been studying the leafminer’s natural predators in Peru 
for years identified three candidates for biological control, shipped 
them to Kenya, and helped icipe personnel to raise sufficient 
quantities of the insects for release. CIP then collaborated with icipe 
on their field release, as part of an integrated pest management 
program to control the leafminer. 
Cross-Crop Research: Climate Change and Seed Degeneration in 
RTB Crops
The RTB centers have ongoing projects on specific crop pests 
and diseases, but because of the importance of understanding 
how climate change affects crop pests in general, a project was 
launched in 2013 to predict climate change’s impact on the most 
important RTB crop pests in East Africa (see Predicting Climate 
Change’s Impact on Crop Pests and Diseases, p. 53). 
A major disease issue shared by RTB crops is seed degeneration: the 
tendency of pathogens to pass from mother plants to offspring via 
planting material, which results in the deterioration of crop yield 
and quality. RTB is supporting a cross-crop effort to identify the 
main pathogens responsible for seed degeneration in RTB crops, 
quantify the resistance levels of major varieties, and generate 
models to predict degeneration under different biophysical 
scenarios and management approaches (see Cross-crop Research 
to Improve Management of Seed Degeneration, p. 49). 
Collaborating to Contain Banana Pathogen Foc TR4 in Africa
The discovery of Foc TR4 – a race of the fungal disease Fusarium 
wilt (a.k.a. Panama disease) – on a farm in Mozambique last year set 
off alarms in Africa’s banana community and beyond. Foc TR4 has 
devastated Cavendish banana farms in Asia, but had never been 
reported in Africa prior to 2013. Bioversity and IITA joined national 
partners on a quick response to that threat, and they continue 
collaborating on efforts to keep the disease from spreading in the 
continent and to test African banana varieties for resistance to it.
Foc TR4 has been a growing threat to commercial banana 
production in Asia and Australia since its appearance in Indonesia 
in the early 1990s, but it wasn’t reported in other regions before 
2013. Professor Altus Viljoen, of Stellenbosch University, in South 
Africa, discovered the pathogen last year on a banana farm in 
Mozambique supplying export markets. He invited Dr Agustin 
Molina, Bioversity Regional Coordinator for Asia, Pacific and 
Oceania, to visit the farm, and Molina confirmed that the symptoms 
were the same as those he had seen during the past two decades 
in Asia. Molina and Altus consequently recommended immediate 
measures to contain the pathogen on the plantation level and to 
keep it from spreading to other farms.
IITA plant pathologist Fen Beed worked with Mozambique’s 
Agriculture Ministry to officially report the Foc TR4 outbreak, and 
collaborated with Altus and IITA banana breeder Rony Swennen to 
develop an action plan for containing the disease in Mozambique 
and increasing the capacities of national research and regulatory 
organizations and networks to identify and deal with it. This quickly 
evolved into an African consortium to prepare the continent 
for TR4 that includes Bioversity, IITA and the main national and 
international research, regulatory and trade organizations. 
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The Bioversity-IITA partnership is especially synergistic for facing 
this threat because it combines Molina’s years of experience 
managing the disease in Asia and Bioversity’s collaboration with the 
African banana network BARNESA with IITA’s strong links to Africa’s 
national and regional extension, research, regulatory and trade 
organizations. 
“Gus Molina is one of the scientists with the most experience in this 
disease, as it has been present in Asia for over two decades,” Beed 
explained. “He will arrange the screening in Asia of representative 
African genotypes for resistance to TR4, while Eldad Karamura 
(Bioversity’s Regional Coordinator for Eastern and Southern Africa) 
will coordinate local action and media campaigns and Inge van den 
Bergh (ProMusa coordinator and RTB communications, knowledge 
management and capacity strengthening theme leader) will link 
our efforts to those in Latin America and Asia.”
Cavendish is the banana cultivar planted on virtually all the world’s 
export-orientated banana farms, because it is resistant to the 
more common Fusarium race 1. That race of the fungus destroyed 
entire plantations of the Gros Michel cultivar during the first half 
of the 20th century, which led to the collapse of banana exports in 
several countries and a global switch to Cavendish. Unfortunately, 
Cavendish cultivars are highly susceptible to Fusarium race TR4, 
which has spread through Asia and Australia during the past two 
decades and was discovered on farms in Mozambique, Jordan and 
Oman in 2013. 
The Mozambique outbreak represents a major threat to Africa’s 
budding banana export industry, but the promising news is that 
Bioversity’s preliminary field studies in Asia on representative 
genotypes of East African highland bananas and African plantain 
cultivars – consumed by approximately 100 million people in Africa 
– revealed resistance to TR4. 
Bioversity will assist the consortium with more comprehensive 
testing of African varieties for resistance to TR4 in Asia, and 
African field trials for TR4-resistant Cavendish somaclonal variants 
(produced from tissue culture) that have proven successful in Asia. 
Beed explained that the consortium will focus on capacity building 
of African national partners and regional networks in research and 
regulatory frameworks to prepare for future TR4 outbreaks. 
A major concern is that TR4 could be transported from Asia or Africa 
into Latin America and the Caribbean, where most of the bananas 
consumed in North America and Europe are produced. Since 2006, 
Molina and colleagues have led an initiative to build capacity 
in that region to prevent a TR4 outbreak, which has included 11 
workshops to date. Bioversity will continue to strengthen the 
preparedness of that region’s banana sector and international 
networks to face the threat of TR4.
“The Mozambique case has been a kind of wake-up call for other 
banana producing regions,” said Molina.
Teaming up to Battle Banana Bunchy Top Disease in Africa
Biodiversity, CIRAD and IITA are collaborating with an array of 
partners on an ambitious effort to contain banana bunchy top 
disease (BBTD) and help farmers recover banana production in 
Central and West Africa, where the disease has resulted in hunger 
and economic hardship for millions.
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BBTD has spread steadily across Sub-Saharan Africa over the 
course of decades. The disease, which is caused by a virus that 
can be transmitted by the banana aphid (Pentalonia nigronervosa) 
or infected planting material, has been reported in 14 African 
countries to date and seems to be spreading faster than in the past. 
“BBTD is a huge problem,” said Charles Staver, a senior scientist 
at Bioversity International and the coordinator of the RTB project 
“BBTD containment and recovery in Sub-Saharan Africa,” who noted 
that BBTD has devastated banana and plantain production across 
much of Malawi and poses a major threat to Central African farmers. 
“The Congo Basin is the secondary center for diversity in plantains, 
and it is conceivable that if we don’t address BBTD, we could lose 
most of that diversity,” he said.
“One of the biggest challenges of BBTD is that infected plants 
initially show no symptoms, making it especially difficult for farmers 
to detect and control it,” explained Lava Kumar, who heads IITA’s 
Germplasm Health Unit. “By the time banana leaves begin to bunch 
up, irreversible damage is done to the host plant and the virus 
may well have spread to other farms, into new regions or across 
international borders.”
Kumar, Staver and their colleagues collaborated on the organization 
of the international effort to combat BBTD. RTB supported a 
workshop on the disease held in Arusha, Tanzania in February of 
2013, when participants created a learning alliance to contain and 
manage it. Alliance members subsequently raised awareness about 
the threat that BBTD poses for the region and developed the three-
year project to test strategies for recovering banana production in 
areas where the disease has taken hold.
Together with CIRAD, Bioversity and IITA have partnered with 
national research institutes, farmer organizations and the private 
sector to do participatory research at action sites in Benin, Nigeria, 
Cameroon, Gabon, Congo Brazzaville, Democratic Republic of 
Congo, Burundi and Malawi. 
“When I started working on BBTD in Rwanda in the early nineties, 
researchers did not consider this disease as crucial as they do 
today,” said Marie-Line Iskra-Caruana, a CIRAD researcher active in 
the alliance. “I see a big motivation among researchers to exchange 
information on BBTD and BBTD-affected communities, and thus 
improve control mechanisms.”
 “I’ve been working on BBTD since 2008, and there has been a huge 
change in terms of awareness and concern about the disease,” said 
Kumar. “We are galvanizing all this support, and this is happening as 
a result of the initiative that has been funded by RTB.”
Kumar explained that they dubbed the collaboration a ‘learning 
alliance’ because partners are implementing different control 
measures within eight agroecologies, the effectiveness of which 
is likely to vary. Researchers will analyze initial results and adapt 
national strategies accordingly. He added that the national 
agricultural research systems (NARS) in each country are managing 
the action sites while the RTB centers coordinate the alliance, 
provide expertise, train local staff, and facilitate access to resources.
Staver noted that alliance members are encouraged by the results 
from two Bioversity pilot sites in the Democratic Republic of Congo 
that were infected with BBTD years ago. Farmers there removed 
all the banana plants, waited several months, then replanted with 
virus-free planting material. Two years later, those plots were still 
free of BBTD. National partners will test and refine this management 
technique at other sites in the coming year. 
 “We expect more success stories as the project progresses,” said 
Kumar. “However, the simple fact that we’ve raised awareness 
about this problem and formed a learning alliance is already an 
achievement.” 
 “This is a small project compared to the size of the problem, but I 
think that it is going to make a difference,” Staver said. “The idea is 
that the three years of RTB funding will allow the NARS to highlight 
the problem on their national agendas while we try to get more 
international interest in this disease.”
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Crosscutting Initiative Targets Bacterial Diseases of RTB Crops
Bacterial diseases affecting RTB crops are a major cause of yield and 
income loss for smallholders in developing countries, undermining 
efforts to reduce poverty and hunger. RTB is consequently 
promoting knowledge sharing and collaboration among experts 
from an array of fields through a new bacterial disease initiative. 
“Cassava bacterial blight, banana Xanthomonas wilt, and potato 
bacterial wilt are diseases of quarantine significance that persist 
in soil and planting material and cause devastating crop losses,” 
explained IRD plant pathologist Valérie Verdier, who is leading 
the initiative. “With the intensification of RTB crop production and 
the influence of climate change, these diseases are becoming 
more destructive, emerging in new regions, and endangering the 
livelihoods of millions of farmers in Africa.”
The initiative was launched in Kenya in December of 2013, 
with the goal of identifying strategies for improving detection 
and management of major bacterial diseases. Approximately 
40 scientists from Bioversity, CIAT, CIP, CIRAD, IITA, IRD, other 
international research institutes and representatives of national 
agricultural research systems (NARS) attended the initial workshop. 
They focused on bacteria species of the genera Xanthomonas and 
Ralstonia, which are major threats to RTB crops such as banana, 
cassava and potato.
“The main objective was to discuss how to make use of knowledge 
from fundamental science for application in RTB agriculture, with 
the contribution of a multidisciplinary team,” said Marc Ghislain, 
CIP Program Leader for Genomics and Biotechnology and a co-
organizer of the workshop. 
The participants discussed new approaches to combat bacteria 
and new molecular tracking tools available, or under development, 
for disease diagnostic and crop improvement purposes. They also 
considered new tools for analyzing the diversity and dynamics of 
bacterial disease populations and for selecting resistance sources in 
germplasm and their applicability for different types of agricultural 
systems. Working groups developed a proposal that covers the 
different aspects of RTB bacterial diseases and the potential for 
partnerships and capacity building. 
“Through RTB, there is a call for a global, concerted approach, 
which is possible through the large network of scientists and 
stakeholders that are participating in the research program. Now 
we need the funding partners to get involved,” said Verdier.
International Conference Produces Roadmap for Fighting Cassava 
Diseases
RTB played an important role in an international conference on 
cassava held in Bellagio, Italy, in May 2013 that was attended 
by approximately 40 experts from varied backgrounds and 
organizations. Conference participants created a global alliance 
that declared war on cassava viruses in Africa, and subsequently 
developed a detailed roadmap of how international organizations 
and NARS should work toward improving management of cassava 
mosaic disease (CMD) and cassava brown streak disease (CBSD).
 “These diseases constitute a crisis of enormous proportions with 
the potential to unleash severe human suffering,” said Claude 
Fauquet, Director of the Global Cassava Partnership for the 21st 
Century (GCP21) and the conference’s organizer. “If CBSD reaches 
Nigeria, it would cause a human catastrophe of unforeseen 
magnitude; if it reaches Thailand or India, it would jeopardize 
economic sectors worth billions of dollars a year.”
The roadmap produced by conference participants was published 
on open access in the Food Security journal in early 2014. It lays 
out three primary objectives: to prevent CBSD from spreading 
from East Africa into Central and West Africa; to mitigate the 
effects of both diseases where they are present; and to prevent 
them from spreading to other regions of the world. It outlines a 
strategic approach organized under eight action themes and was 
published online to ensure the greatest dissemination possible and 
to encourage more organizations to join the alliance (DOI: 10.1007/
s12571-014-0340-x).
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Predicting Climate Change’s Impact on Crop Pests and Diseases
As researchers try to predict the potential threat that pests and 
diseases pose for RTB crops, and develop strategies to help local 
agricultural research and extension institutions deal with them, 
the role of climate change is all too often the missing factor in 
their equations. Long-term shifts in temperature and rainfall are 
expected to transform the abundance and distribution of crop 
pests and diseases, yet there is a dearth of information about which 
crops and regions are the most vulnerable and how quickly things 
might change.
RTB has launched a three-year, multidisciplinary collaboration to 
fill that knowledge gap. The initiative began with pest lifecycle 
modeling in RTB-center laboratories in 2013 and the selection of 
action sites near Ruhengeri, Rwanda and Bujumbura, Burundi. 
Household baseline and farm surveys and the installation of 
approximately 30 weather stations along representative transects 
at those action sites began in early 2014. 
Jürgen Kroschel, Team Leader for Agroecology and Integrated 
Pest Management at CIP, explained that the project’s main goals 
are to conduct risk analyses for the most serious insect pests and 
pathogens affecting RTB crops in East Africa – through targeted 
surveillance and generic climatic response models for predicting 
how climate change will affect them – and to use the results to help 
the region’s governments, non-governmental organizations and 
private sector to manage those threats.
The collaboration builds upon the experience and tools developed 
during a three-year, CIP-led project to model climate change’s 
impact on critical insect pests in Africa, which was funded by 
the German Federal Ministry of Economic Cooperation and 
Development (BMZ). Among that project’s results was an open-
source software program called Insect Life Cycle Modeling (ILCYM), 
which CIP’s Agroecology modeling team developed to facilitate 
insect phenology modeling and risk mapping under current and 
future climate change scenarios. CIP is using the software for the 
principal potato and sweetpotato pests, whereas Bioversity has 
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Integrating Gender into 
Pest Management Research
Thomas Miethbauer, an agricultural economist who works on 
integrated pest management at CIP, is one of the dozens of 
researchers from the RTB centers who attended gender capacity 
building workshops in 2013. Like many of his colleagues, he had 
never done gender analysis prior to that workshop, but he has 
since begun to include it in his research. 
Following the workshop, Miethbauer completed a sex-
disaggregated analysis of household survey data that he had 
used for an economic analysis of the use of plastic barriers – as 
an alternative to pesticides – to control potato weevils in Peru. He 
found that women in the six communities where the barriers were 
introduced were less likely than men to adopt the technology.
“I think that if you want to understand the adoption of technology, 
then it is necessary to consider the role of women within farm 
households, and the role of women who are heads of households,” 
he observed. 
Miethbauer has since integrated gender into a new project to 
monitor integrated pest management by potato farmers in six 
regions of Peru, which is funded by FONTAGRO and RTB and 
involves a wide network of organizations. He explained that the 
gender training helped him to design the farmer surveys that 
project participants will complete so that the results provide insight 
into the role of women in the adoption of new technologies, in 
market chains, in farmer and community organizations, etc.
“If we don’t consider how female and male farmers are different, then 
we might not completely understand how certain process work, 
such as adoption of new varieties or technologies, and we might err 
in the design of research and development projects,” he observed.
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begun applying it to banana pests, IITA is using it for cassava pests, 
and the International Centre of Insect Physiology and Ecology 
(icipe) is applying it to maize and other crops. 
Kroschel, the project coordinator, explained that one of the 
priorities is to use the tools in ILCYM to model climate change’s 
impact on viral diseases that are spread by insects. “We need 
to understand how increased temperatures can affect virus 
transmission by insect vectors.”
James Legg, IITA researcher and RTB theme leader for managing 
pests and diseases, explained that the most serious cassava pest in 
Africa is the whitefly Bemisia tabaci, since it spreads the viruses that 
cause cassava brown streak disease and cassava mosaic disease. 
Together, those diseases destroy about one third of Africa’s cassava 
production, and Legg fears that the whiteflies will become more 
abundant and widespread as the atmosphere warms.
“We’ll conduct controlled experiments to determine the effect of 
temperature change on key components of whitefly biology that 
will be supplemented by field data from Rwanda and Burundi,” 
Legg said. “The data will then be used in models that will help 
us to predict whitefly population change under future climate 
scenarios. Similar work with the virus groups should enable us 
to develop Africa-wide models for predicting future patterns of 
cassava virus spread.”
Kroschel explained that the project is initially concentrating on the 
Great Lakes region of East Africa because the main RTB crops are 
widely cultivated there over a range of altitudes, and are vulnerable 
to an array of pests and diseases. He added that climatic data is 
being collected along altitude gradients in order to model the 
impact of climate change scenarios at different altitudes. 
“We want to have tools in place to better understand the risks of 
pests and diseases that climate change will pose using pest risk 
analysis,” Kroschel said. “We also want to understand the current 
impacts of those pests and diseases on crops and livelihoods in 
the region, and to use the models to predict how much this could 
change in the future in order to help local people to prepare for 
those changes.”
Cross-Crop Research to Improve Management of Seed 
Degeneration
Seed degeneration – the accumulation and transmission of 
pathogens via planting material from one crop cycle to the next 
– is a pervasive problem in RTB crops and one of the principal 
constraints for farmers in developing countries. A three-year, 
cross-crop effort aims to identify the main pathogens responsible 
for seed degeneration in RTB crops (primarily viruses), quantify 
the resistance levels of major varieties, and generate models to 
predict degeneration under different biophysical scenarios and 
management approaches. Researchers will use this information to 
develop decision support systems for a more effective response to 
the problem. 
During the initiative’s first year, plant pathologists from Bioversity, 
CIAT, CIP and IITA collaborated on literature reviews for their crops 
of expertise, launched field studies on banana, cassava, potato, 
sweetpotato and yam at sites in Africa, South America and China, 
and partnered with researchers whose ongoing field work could 
produce useful data for seed degeneration modeling. The literature 
reviews resulted in a series of background papers on degeneration 
in each crop that will be submitted to the journal Plant Pathology.
CIP plant pathologist Greg Forbes, who is coordinating the 
project, noted that potato farmers in developed countries have 
overcome seed degeneration by purchasing virus-free seed 
potatoes each year. Yet despite ample research on establishing 
such clean seed systems in developing nations, they still reach 
less than one percent of  farmers in most of them. The project will 
consequently model the effectiveness of different management 
approaches under various scenarios in order to provide guidelines 
for NARS and other partners. 
“There is certainly potential for cross-RTB-crop strategies to tackle 
seed degeneration issues,” said James Legg, a virologist at IITA 
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and the RTB theme leader for managing pests and diseases. “RTB 
crops have many features in common, and it therefore makes 
complete sense for experts on different RTB crops to work together 
to address seed degeneration problems. Sharing ideas and using 
common methodologies will greatly improve the power and 
efficiency of this research.”
The project includes research on both crop-specific and cross-
crop degeneration issues. A team led by Professor Karen Garrett at 
Kansas State University (KSU) developed a theoretical model that 
integrates the various management options available to minimize 
seed degeneration, including host plant resistance, replacement 
with clean seed and on-farm management tactics such as positive 
selection. The model builds on existing crop virus ecology and 
evolution models and incorporates variability in biological and 
environmental system elements through stochastic model 
components. Preliminary results demonstrate that both on-farm 
management and host plant resistance can be highly effective, 
strengthening the argument for an integrated approach to seed 
degeneration. 
To strengthen the model, a series of field studies were launched 
in South America, Africa and China. IITA researchers in Nigeria 
are studying the combined effects of viruses and nematodes 
on yam planting material, and the transmission of the virus that 
causes banana bunchy top disease (BBTD). CIP has launched 
seed degeneration field studies on potato in Ecuador and Kenya 
and sweetpotato trials in Peru and Tanzania. Potato data are also 
being contributed by researchers at Wageningen University in the 
Netherlands from field studies in Ethiopia and Uganda. Scientists 
at CIAT and IITA are studying seed degeneration in various cassava 
varieties in three regions of Colombia and in Tanzania.
There is good potential for synergy between the seed degeneration 
project and the RTB cross-crop initiative to develop a seed 
system framework. Forbes is collaborating closely with CIP plant 
pathologist Jorge Andrade, who is coordinating that initiative.
“The seed degeneration study is mostly about biophysical 
phenomena – how pathogens spread from mother plants to 
propagules and how this is affected by factors such as weather or 
on-farm practices – whereas the seed system framework looks at 
the whole system,” Forbes explained. “We want to use an approach 
called impact network analysis, which would allow us to model 
the biophysical aspects within the whole system, and to merge the 
outputs of both projects. By modeling the whole system, we’ll try to 
identify the best integrated approach for managing degeneration.”
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Because RTB crops are propagated vegetatively – by planting 
tubers, suckers, stalks or vine cuttings – there are various problems 
associated with planting material that can become major 
constraints for smallholders. RTB planting material (commonly 
referred to as seed) is relatively bulky and perishable, creating 
storage challenges, and multiplication rates are low, which makes it 
difficult to expand cropland and means a farmer may need to save a 
significant percentage of each harvest for seed. There is also a high 
risk of crop diseases being passed from one field to another, or from 
one generation to the next, via planting material. 
Formal seed systems, which produce and sell pathogen-free 
planting material to farmers (known as certified seed), have solved 
these problems for crops such as potato in industrialized nations, 
but they have had a marginal impact in the developing world, 
where more than 95 percent of farmers continue to produce their 
own planting material or purchase it in local markets. RTB centers 
have had success with specific efforts to expand farmer access to 
disease-free, quality planting material through formal mechanisms, 
and also by helping them to improve informal seed systems, select 
healthy seed from their own harvests, or to improve storage and 
handling of seed. However, the impact of such interventions has 
been limited, so researchers are investigating integrated seed 
systems that combine two or more of these strategies.
Making Available Low-Cost, High-Quality Planting Material for Farmers
Crop-Specific Seed Solutions
The RTB centers have improved farmer access to quality planting 
material through various initiatives. CIAT, for example, has limited 
the damage caused by cassava frogskin disease (CFSD), which 
spreads via planting material. Researchers at CIAT and its partner 
organization CLAYUCA developed a thermal chamber for cleaning 
seed (stem cuttings) by raising its temperature to 50-55 °C, which 
kills the pathogens. Rapid multiplication of clean seed was then 
achieved using a CLAYUCA-developed technique of rooting two-
node stem cuttings in a soil substrate. 
Banana diseases such as BBTD and BXW, which cause widespread 
crop loss in Africa, are also spread by infected planting material, 
so access to clean seed is essential for helping farmers recover 
their production from those diseases. IITA has promoted the 
multiplication and distribution of clean banana and plantain seed 
in several East African countries through training in tissue culture 
and the establishment of nurseries using training manuals that were 
published with RTB support. Bioversity and IITA have joined forces 
to address clean seed supply under different contexts of cultivar 
diversity and cropping systems in eight countries where BBTD has 
seriously diminished banana productivity. Collaboration among 
farmer and community associations and national and RTB scientists 
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will focus on the viability of different technologies to ensure low 
risk seed supply strategies.
Scientists at CIP have addressed bottlenecks in potato and 
sweetpotato seed systems through a variety of initiatives on 
several continents. The Triple S (storage in sand and sprouting) 
method of preserving and producing sweetpotato planting 
material was promoted and improved in Rwanda and Malawi. 
Local farmers were also trained to be vine multipliers and to use 
positive or negative selection, particularly against sweetpotato 
viral diseases, in order to improve the availability of quality 
planting materials at the community level. Those farmers were 
also connected to sources of clean, improved seed from national 
research stations. The project “Rooting Out Hunger in Malawi,” for 
example, helped 27,304 smallholders (12,697 of them women) 
to obtain clean planting material for drought-resistant orange-
fleshed sweetpotato varieties in 2013. 
A comparable success story is the ‘Better Potato for a Better 
Life’ project by CIP in Ethiopia. That project, and its NGO and 
government partners, increased the availability of high quality 
potato seed through the production of minitubers using 
aeroponics, and by establishing a decentralized seed multiplication 
scheme, mostly relying on farmer cooperatives operating in the 
country’s main potato growing areas. From 2009 to 2013, the 
project produced more than 16,000 tons of clean potato seed and 
provided more than 150,000 households with access to quality 
planting material. 
Yam is affected by several viruses that are spread via tubers and 
accumulate from one generation to the next. Production of virus-
free seed yams could be greatly enhanced through aeroponics, 
which scientists at IITA successfully adapted for yam in 2013 (see 
IITA Uses Aeroponics to Produce Seed Yams, p. 58).
Developing a Cross-Crop Seed System Framework
RTB has created a community of practice to examine efforts to 
improve farmer access to quality planting material, identify the 
factors for success and common obstacles, and develop a multi-
stakeholder framework to improve seed system interventions. The 
team is collaborating on a project called “Accelerating learning 
and tackling bottlenecks through a conceptual framework for 
roots, tubers and bananas seed systems,” which should help 
research and development organizations to analyze and improve 
the design, implementation and evaluation of RTB seed systems. 
It will also help scientist to develop hypotheses for future research 
on seed systems.
That initiative began with a literature review on seed systems and 
constraints in the main RTB crops. The results were presented at 
a workshop in Wageningen, the Netherlands, in February 2013, 
where participants approved a preliminary, multi-stakeholder 
framework for intervening in seed systems across RTB crops. That 
framework was refined with new categories of analysis – such 
as sustainability and resilience, policies and regulations, equity 
and gender – at a subsequent workshop held in Wageningen in 
October 2013.
The seed system team selected a series of seed system 
interventions for case studies that will be used to test and improve 
the framework. They include the 3G (3 generation) rapid seed 
potato multiplication project in Kenya, Rwanda and Uganda; 
distribution of sweetpotato vines through a voucher system in 
Tanzania; a cassava consortium’s promotion of quality planting 
material in Nicaragua; a seed-voucher-based system within the 
Great Lakes Cassava Initiative; tissue culture supply chains for 
quality banana planting materials in East Africa; the role of clean 
banana planting material in addressing recovery from BXW in 
Africa’s Great Lakes Region; and a seed system organized by the 
CONPAPA farmers’ association in Ecuador (see CONPAPA: Seed 
System Success in Ecuador, p. 59). 
Jorge Andrade-Piedra, CIP scientist and the RTB theme leader for 
planting material, explained: “We want to find the principles of 
success that are shared among the different RTB crops. There are 
aspects that are specific for each crop, but in the end, there are a lot 
of commonalities,” he said. 
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Andrade-Piedra noted that gender is a vital issue when examining 
seed systems, since women are often responsible for planting 
material in traditional agricultural systems. The seed systems team 
is consequently incorporating gender into the case studies and the 
framework. Netsayi Mudege, the RTB Gender Research Coordinator, 
undertook a literature review on gender in seed systems. She 
also began field research for a gender analysis of potato and 
sweetpotato seed systems in Malawi (see Gender lens for a Malawi 
Sweetpotato Project, p. 60).
Andrade-Piedra explained that one of the biggest common 
constraints of RTB crops is seed degeneration, which is why he 
and colleagues are collaborating with the RTB seed degeneration 
initiative (see Cross-Crop Research: climate change and seed 
degeneration in RTB crops, p. 49), the results of which will 
strengthen the seed system framework. He said the goal is to 
promote a new paradigm for seed production based on three 
strategies: breeding varieties that are resistant to the pathogens 
that cause degeneration, improving on-farm seed management, 
and expanding the impact of formal seed systems.”
The RTB centers have gotten good results with these strategies, 
though mostly at a pilot level. Scaling up such successful 
experiences remains a challenge. The seed system framework 
will be an important contribution to such efforts, since it involves 
learning from previous experiences and using that knowledge to 
expand the scale of interventions in RTB seed systems.
IITA Uses Aeroponics to Produce Seed Yams
Researchers at IITA have successfully grown seed yams using 
aeroponics techniques that CIP scientists developed for potato, 
opening the door for the possibility of propagating disease-free 
planting materials for yam farmers in West Africa. 
In preliminary trials starting in 2013, a team of IITA scientists led 
by Norbert Maroya, Project Manager for the Yam Improvement 
for Income and Food Security in West Africa (YIIFSWA) project, 
successfully propagated mini yam tubers from vine cuttings in an 
aeroponic system. 
Aeroponic systems are used to grow plants in the air, without 
any soil or other aggregate medium, by regularly bathing them 
in a nutrient-rich mist. CIP has developed and promoted the use 
of aeroponics for potato seed production since 2008, and the 
technology has since been adopted by commercial seed potato 
growers in eastern and southern Africa. IITA’s success in adapting 
the technology for yams is a novel innovation that holds promise 
for the rapid production of clean seed yam tubers, which could be a 
boon for farmers in West Africa and beyond.
Traditional seed yam production is expensive and inefficient. 
Farmers save 25% to 30% of their harvest for planting the following 
season, which means less income and food for their families. 
Moreover, seed yams are often infested with pathogens that 
significantly reduce yields as they accumulate year after year –  a 
process known as seed degeneration.
Expanding Collaboration, Catalyzing Innovation  |  RTB Annual Report 2013 
© N. Maroya/IITA
Seed yam production with aeroponics in Nigeria.
59
“With this approach, we are optimistic that farmers will begin to 
have clean seed yams for better harvests,” Maroya said.
IITA contracted the Kenyan company EMEC-Engineering to build 
the aeroponic system in an existing screen house at the Institute’s 
headquarters in Ibadan, Nigeria. The company had been trained in 
aeroponics by CIP scientists some years earlier, when it was hired 
to build aeroponic systems for potato seed production at several 
research stations in Kenya. EMEC-Engineering subsequently built 
potato aeroponic systems in Rwanda, Uganda and Tanzania.
Preliminary results indicate that the technology works just as well 
for yam as it does for potato. Vine rooting in the IITA aeroponics 
system had a 95% success rate, compared to a maximum success 
rate of 70% in carbonized rice husk. The rooting time was also much 
shorter using aeroponics.
Robert Asiedu, IITA Director for Western Africa and the RTB Leader 
for the Institute, called the results “impressive.”
“Yam is an important crop in Africa, and addressing the seeds’ 
constraint will go a long way in improving the livelihoods of 
farmers who depend on the crop,” he said.
Asiedu hopes that, as IITA demonstrates aeroponics effectiveness, 
private companies or NGOs will adopt it for yam seed propagation. 
This could reduce disease incidence and greatly increase farmer 
access to clean seed yams, which would ultimately translate into 
food security and higher incomes for smallholders.
CONPAPA: Seed System Success in Ecuador
Among the varied case studies being undertaken under the 
RTB seed system framework initiative is CONPAPA, a potato 
farmers’ consortium in Ecuador that has developed a successful 
seed production system that purchases certified seed from the 
government and multiplies it for distribution to members.
CONPAPA is a consortium of approximately 300 smallholders who 
grow potatoes in the Ecuadorian highlands that was organized 
with assistance from CIP and Ecuador’s National Agricultural 
Research Institute (INIAP). Its members sell their potatoes in high-
value markets, such as for production of native potato chips or 
French fries. 
Like the vast majority of Ecuadorian potato farmers, CONPAPA 
members traditionally produced their own seed or purchased it 
through informal markets, even though the country has had a formal 
potato seed system since the 1960s. The problem with purchasing 
seed potatoes through informal markets is that they are often 
infected with pathogens that reduce yield or produce defects that 
lower the crop’s market value.
Peter Kromann, CIP regional potato scientist for Latin America and 
the Caribbean, explained that the cost of certified potato seed 
is prohibitive for most of Ecuador’s smallholders, so CONPAPA 
developed an alternative for its members that combines aspects 
of formal and informal seed systems. The consortium purchases 
certified seed from INIAP and distributes it to certain members 
who have received training in seed production and comply with 
CONPAPA’s quality control system. Those farmers then sell their 
harvest of seed potatoes to the consortium, which treats the seed 
with pesticides, stores it, and sells it to members.
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“The seed is produced using the same techniques as the formal 
system, but the farmers forgo the state certification, which is costly,” 
Kromann said. “The integration of aspects of the formal seed system 
has improved the traditional system.”
Researchers from CIP and INIAP found that CONPAPA’s seed 
system not only increased member yields and access to high-
value markets, but there is now considerable demand for the 
organization’s seed potatoes on the national market. In fact, the 
quality control system that CONPAPA developed for its seed system 
is so effective that Ecuador’s Ministry of Agriculture has adopted it 
for its potato seed work. 
Expanding Collaboration, Catalyzing Innovation  |  RTB Annual Report 2013 
Gender Lens for a Malawi Sweetpotato Project
“The important thing with this case, and many other seed systems, 
is that it combines parts of the formal and informal systems,” 
observed Kromann. “For decades, governments have tried to 
implement formal seed systems to control quality, but they become 
too expensive for small farmers.”
Based on the CONPAPA case study, CIP and INIAP researchers 
identified five factors that are crucial for seed system success and 
sustainability: 1) collective action, 2) integration of components 
from informal and formal seed systems, 3) demand-driven 
production, 4) internal seed quality control, and 5) initial funds and 
access to capital.
out Hunger in Malawi Through Orange-Fleshed Sweetpotato, the 
first phase of which ended in 2013. While the project is largely 
considered a success, having distributed clean OFSP planting 
material to more than 100,000 households by the end of four and a 
half years, Mudege found that many women had been marginalized 
from a business opportunity that it created. The project taught 
smallholders to multiply sweetpotato vines for planting on their 
own farms and to sell for extra income. Yet even though 43 percent 
of the people trained were women, men tended to dominate the 
business of vine multiplication once they realized how profitable it 
could be. Whereas women contributed much of the labor for OFSP 
vine multiplication, men usually controlled vine marketing.
Mudege explained that one of her suggestions was that CIP bring 
in organizations with experience mobilizing women as partners for 
the project’s second phase, in order to design strategies to ensure 
that women also benefit from vine production and marketing.
RTB Gender Research Coordinator Netsayi Mudege undertook field 
research in 2013 on two CIP projects in Malawi – one on potato and 
one on orange-fleshed sweetpotato (OFSP) – in which she focused 
on gender integration in seed systems. She found that despite 
women and children being the primary beneficiaries of the OFSP 
project, since it decreased the incidence of vitamin A deficiency by 
getting more families to consume vitamin-A-rich OFSP, few women 
benefitted from a project component that trained smallholders to 
multiply sweetpotato vines and sell them.
“Sometimes it is assumed that simply by participating in a nutrition-
oriented agricultural program, such as the introduction of orange-
fleshed sweetpotato with high beta-carotene content, you are 
already addressing gender issues,” she said.
Mudege and colleagues from CIP Sub-Saharan Africa carried out 
research on the planting material component of the project Rooting 
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THEMES 5+6
Improving Cropping 
Systems and Postharvest 
Technologies
64
RTB recognizes the importance of cropping systems for enhancing 
yields and sustainability, and the potential of postharvest 
opportunities for improving incomes. The centers and their partners 
have begun preliminary research for the development of better 
cropping systems, and are increasingly collaborating on efforts 
to harness the potential of postharvest innovations for improving 
livelihoods. Whereas the research in cropping systems is incipient, 
RTB launched an important cross-center cassava postharvest 
initiative in 2013, while supporting research on market chains and 
opportunities for other crops.
Developing Tools for more Productive, 
Ecologically Robust Cropping Systems
While improved varieties, better pest and disease management 
and efficient seed systems are essential for increasing yields, the 
cropping systems in which those technologies are deployed are 
of paramount importance to attain crop yields reflecting their 
full potential. Scientists recognize that there are opportunities 
for improving RTB production through the diversification and 
intensification of cropping systems, which can increase yields 
and yield stability or resilience in the face of climate change and 
other stresses. 
Improving Cropping Systems and Postharvest Technologies
To inform the design of more effective cropping systems, RTB 
commissioned yield gap analyses based on literature reviews. 
Researchers encountered a shortage of quality research on 
the yields of most RTB crops, especially for the agroecologies 
where research for development is most needed. Stefan Hauser, 
coordinator of the study and RTB theme leader for cropping 
systems, cited highly variable data on cassava due to a wide range 
of planting densities and tillage regimes, and a lack of knowledge 
on cassava and yam responsiveness to fertilizer, as some of the 
obstacles to the development of more productive cropping 
systems. Hauser has consequently proposed more rigorous 
experimental approaches and the development of system-specific 
natural resource management strategies.
In collaboration with the CGIAR Research Program on Climate 
Change, Agriculture and Food Security (CCAFS), a computer-
assisted potato growth model was validated with data from CIP 
and NARS breeding trials. The model is parameterized to simulate 
Solanum juzepczukii, S. ajanhuiri, S. andigena and S. tuberosum 
and can simulate potential productivity, as well as the limitations 
imposed by water deficit and frosts. A paper showing the use of the 
model to assess the strategy used by Andean farmers to cope with 
frost risks by Condori et al was published by the online journal PLOS 
ONE (DOI: 10.1371/journal.pone.0081510).
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CIRAD collaborated with Bioversity and IITA on the organization of a 
workshop on ‘Tools for improved cropping systems intensification in 
mixed RTB systems with plantain in West and Central Africa,’ which 
was held in conjunction with a meeting of NARS representatives 
from West and Central African plantain producing countries 
(Nigeria, Ghana, Côte d’Ivoire, Senegal, Cameroon) in Abidjan, 
Côte d’Ivoire in November 2013. Participants identified cropping 
systems in several countries, but a lack of data on those systems 
and the difficulty in acquiring good yield estimates led to a 
consensus on the need for collecting better data on cropping 
systems and plantain in general. Participants worked on a multi-
year proposal for cropping systems intensification focusing on 
methods development and systems intensification strategies for 
plantain in West and Central Africa. In the meanwhile, CIRAD began 
a preliminary study of plantain cropping systems with the Centre 
Africain de Recherches sur Bananiers et Plantains (CARBAP). 
RTB set the foundation for collaboration with Humidtropics and 
the CGIAR Research Program on Maize (MAIZE) to improve cassava-
maize intercropping systems in DR Congo and Nigeria. Cassava-
maize is probably the most common system in the humid tropics of 
Africa, yet it has not received the research attention it deserves. RTB 
has also begun contributing to a Humidtropics-International Fund 
for Agricultural Development (IFAD) project on cassava, yam and 
legumes in Western Nigeria, which includes gender research by IITA 
Gender Focal Point Holger Kirscht.
 
Promoting Postharvest Technologies,
Value Chains and Market Opportunities
RTB seeks to facilitate market opportunities and improve value 
chain participation to help smallholders move from subsistence 
to income generation and to leverage economic growth to 
help millions rise out of poverty. In 2013, RTB moved toward 
this goal through the establishment of a community of practice 
among postharvest researchers at the RTB centers and partner 
organizations and the initiation of various collaborative research 
projects.
This process began with a planning meeting on strategies for 
improving livelihoods through RTB postharvest technologies 
held at CIAT headquarters in Cali, Colombia in February 2013. 
Participants from the RTB centers and partners shared information 
about their projects in Asia, Africa and Latin America and discussed 
opportunities for collaboration. Working groups contributed to the 
development of a common research strategy, based on the skills 
of each center, and a proposal for a crosscutting project for driving 
livelihood improvements through demand-oriented interventions 
for competitive RTB production and processing.
A Focus on Cassava Postharvest
Work on that CIAT-coordinated project began during the second 
half of 2013, with the participation of CIRAD, IITA and the UK’s 
Natural Resources Institute (NRI). Research focuses on case studies 
in three areas: 1) optimization of selected small and medium 
processing systems for cassava; 2) enhancing gender-equitable 
livelihoods through low-cost livestock feed systems that utilize 
cassava crop residues and processing waste; and 3) ensuring 
acceptability of food products resulting from new varieties and new 
processing technologies for cassava. 
Collaboration among CIAT, CIRAD, IITA, NRI and the International 
Livestock Research Institute (ILRI) gives this initiative a truly global 
reach, with teams engaging in simultaneous research in several 
countries, which accelerates the accumulation of data and analysis. 
These four partners have been able to pool their collective cassava 
processing research experience and methodologies and share 
technical diagnostic and socioeconomic survey tools. To further 
strengthen this research team, RTB and CIRAD co-funded two post-
doc positions to support activities related to the optimization of 
processing systems. Those “twin fellows” began work in early 2014: 
Marcelo Précoppe based at IITA in Tanzania and Arnaud Chapuis 
based at CIRAD in Thailand.
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Initial research within the post-harvest project documented 
significant variation among countries in the efficiency of cassava 
processing, which could guide interventions to improve less 
efficient operations. Thierry Tran and other CIRAD researchers 
applied life-cycle assessment tools to cassava starch production 
in Asia and identified opportunities for improving the energy 
and water efficiencies of operations such as rasping and drying. 
Researchers from CIAT, CIRAD and national partners completed a 
study of small-scale cassava starch production in Colombia and 
Vietnam focused on efficiency and environmental issues such 
as water and energy consumption, and found that the starch 
operations in Vietnam were more efficient. However, another 
study of starch production in Thailand confirmed that efficiency of 
starch extraction increases with energy and water use. Hence the 
optimization of cassava processing systems requires compromises 
between opposing objectives (e.g. reducing energy and water 
use while maximizing yields), though the optimum balance also 
depends on the specific context and production constraints in 
each country.
CIAT, CIRAD, IITA and NRI collaborated on a comparison of 
operation costs in the production of high quality cassava flour 
(HQCF) and starch in Nigeria, Tanzania, Thailand and Vietnam. Initial 
results of the cost comparison showed that the purchase of cassava 
roots is responsible for most of production costs, though energy 
costs are much higher in Africa, because of lower energy efficiency 
in drying operations. 
Researchers began specific case studies in Nigeria and Tanzania. 
IITA Cassava Value Chain Coordinator Adebayo Abass found that 
HQCF production is extremely limited in Tanzania, whereas NRI 
researcher Diego Naziri reported that Nigeria has just one large-
scale HQCF production plant using modern technology, whereas 
the other plants are small-scale operations with mostly poorly 
designed, inefficient flash dryers. 
There is strong demand for identifying opportunities for optimizing 
small and medium-scale dryers while keeping the capital and 
running costs at an acceptable level. While the technology 
used by large HQCF processors can’t be adopted by small and 
medium enterprises, the team is carrying out a benchmarking 
exercise with large enterprises, as the information gained could 
guide improvements to the small-scale drying technologies. 
Improvements, such as energy optimization and alternative fuel 
types, could contribute to increasing production capacity, lowering 
processing costs, and raising the profitability of HQCF production. 
The study will also explore possible impacts of small and medium-
scale dryer optimization on women and farmer livelihoods. 
“The increase in roots supplied for HQCF production may limit 
availability or increase the price of roots, affecting traditional value 
chains (e.g. gari, fufu, lafun in Nigeria and makopa in Tanzania), 
where women are highly involved,” Naziri explained.
One of the priorities of RTB’s postharvest work is to improve 
women’s livelihoods, and IITA’s Cassava Enterprise Development 
Project (CEDP) is an excellent example of what can be achieved 
on that front. CEDP established and supported 626 rural-based 
processor groups and individuals in 11 states of Southeast Nigeria, 
including 32 small and medium enterprises, 148 micro-processing 
centers, 377 mobile graters and 63 assisted centers. Most of the 
processors also grew cassava, 83% being an improved variety, 
most of which was sourced through CEDP. Benefits reported for the 
new varieties included higher yields, earlier maturity, resistance to 
cassava mosaic disease, and the production of better flour and gari. 
The total number of work opportunities created by the processors 
has been estimated at just over 14,000 jobs; 25% of these being for 
permanent positions (12% for males and 13% for female) and 75% 
part-time positions (20% for males and 55% for females).
Cassava processing also produces countless tons of waste each day, 
which researchers have identified as an opportunity for increasing 
efficiency and improving livelihoods. RTB funded a meeting in 
October of 2013 to examine the commercial feasibility of producing 
animal feed from cassava waste (see Experts Promote Conversion of 
Cassava Waste into Livestock Feed, p. 67)
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Root, Tuber and Banana Markets
RTB is keen on helping the centers and partners tap the postharvest 
potential of sweetpotato and yam. The government of Ghana 
launched a national yam value chain strategy in 2013 that resulted 
from a participatory methodology developed by IITA. Officials from 
other African governments have expressed interest in elaborating 
comparable strategies (see Enhancing Yam Value Chains in West 
Africa, p. 69). CIP’s efforts to promote vitamin-A-rich, orange-
fleshed sweetpotato in Rwanda have resulted in new market 
opportunities for smallholders there, as the growing popularity of 
Akarabo sweetpotato biscuits attests (see TV Commercial Boosts 
Demand for Sweetpotato Biscuits, p. 70).
Banana value chains also hold potential for improving livelihoods. 
To better understand the banana beverage business in East Africa, 
researchers at Bioversity and CIRAD began collaborating with 
various local partners in 2013 on a gender-responsive study of 
banana beverage value chains in the region (see Studying Banana 
Beverage Value Chains in East Africa, p. 69).
CIP researchers in East Africa began an effort to make the 
participatory market chain approach (PMCA) more gender-
responsive in 2012, as part of the Sweetpotato for Profit and 
Health Initiative. Three gender responsive PMCA applications were 
completed in Kenya, Uganda and Tanzania, which led to improved 
branding of various OFSP-based snacks and labels for sacks of 
planting material for sale. Gender integration tools for PMCA 
were developed, such as gender-sensitive value chain mapping, 
constraint analysis and risk, and a benefit analysis matrix. In 2013, 
Silvia Barone, a market chain researcher with CIP whose research 
is supported by RTB and the CGIAR Research Program on Policies, 
Institutions and Markets (PIM) began adapting those tools to make 
CIP’s PMCA work with potato value chains in South America more 
gender responsive. As part of CIP’s IssAndes project, Barone is 
helping farmer organizations in Colombia to access niche markets 
for native potatoes, and farmers in Ecuador to supply a growing 
market for French fry potatoes. 
RTB postharvest work will gain steam in 2014, since new research 
initiatives were in the pipeline at the end of 2013. Together with 
the projects profiled here, those efforts will make an important 
contribution to improving livelihoods and gender equity in the RTB 
target regions.
Experts Promote Conversion of Cassava Waste into Livestock Feed
As the world’s top cassava producer, Nigeria discards countless 
tons of cassava peels and other waste. But as that crop is 
increasingly destined for the food and beverage industry, there 
are opportunities for converting cassava waste into something 
useful. To tap that potential, cassava and livestock experts met at 
IITA headquarters in Ibadan, Nigeria in October 2013 to examine 
the commercial feasibility of producing animal feed from 
cassava waste.
The RTB-funded meeting, co-hosted by IITA and Nigeria’s Federal 
Ministry of Agriculture and Rural Development (FMARD), brought 
together approximately 50 experts from FMARD, IITA, the 
Global Cassava Partnership for the 21st Century (GCP21) and the 
International Livestock Research Institute (ILRI), local universities 
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and NARS and the feed industry. Participants drafted a roadmap for 
the use of cassava and cassava by-products in livestock feed that 
will be published in 2014.
Iheanacho Okike, Nigeria representative for ILRI, pointed out 
that substituting cassava for grains in animal feed could produce 
significant savings, noting that the country’s livestock feed industry 
consumed about $350 million of imported maize in 2011. 
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“If we use cassava peels for livestock feed, for instance, we will be 
able to reduce the amount we spend on maize importation and, 
more importantly, reduce the competition between man and 
livestock for maize,” he said.
Peter Kulakow, a cassava breeder and RTB focal point at IITA, 
observed that: “The use of cassava peels in livestock is a win-win-
situation for both agriculture and the environment. It is basically 
converting waste into wealth.”
Studying the Gender Implications of Changing Cassava Markets
Her team, which included the consultant Carylanna Taylor and 
12 students or recent graduates from the University of Cordoba 
(in Monteria, Colombia), under the supervision of professor 
Teonila Aguilar, surveyed 583 smallholders and other value chain 
participants. Longer interviews were conducted with a sampling 
of those surveyed.
Meola explained that the partnership that CIAT established with 
Professor Aguilar and the University of Cordoba has been beneficial 
for everyone involved and that, through preliminary training and 
execution of the study, they’ve developed local capacity for future 
gender research. She added that five of the students and graduates 
who participated in the study will undergo further training to work 
on research in 2014 that will feed into a global, cross-crop study on 
gender norms and agricultural innovation.
“Through this partnership, CIAT is building the capacity of faculty and 
students at the University of Cordoba who are in turn contributing 
critical local knowledge, technical expertise and cultural skills for 
the success of the project,” Meola said.
Cassava is increasingly being used for the production of processed 
foods and beverages – everything from starch to beer. While these 
new markets can benefit many farmers, they may also displace 
women from traditional value chains, so RTB researchers are eager 
to understand the social impacts of such changes.
Kayte Meola, the gender focal point at CIAT and an Associate 
Research Fellow at the International Food Policy Research Institute 
(IFPRI), began research in northern Colombia in 2013 on the gender 
implications of the transition from traditional to industrial cassava 
markets. The study area, in the departments of Cordoba and Sucre, 
was chosen because of the presence of a new cassava starch factory. 
“The study’s objectives include documenting gender roles in the 
production of cassava for various markets, gender differences in 
access to those markets, intra-household distribution of benefits 
across markets, and the level of women’s interest in, or constraints 
for participating in cassava production,” Meola explained. 
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Enhancing Yam Value Chains in West Africa
On October 8, 2013, the government of Ghana launched a national 
yam value chain strategy – one of several recent initiatives that 
reflect a growing interest in that traditionally under-resourced crop. 
Ghana’s yam value chain strategy resulted from a participatory 
methodology that IITA developed in a partnership with the 
United Nations International Trade Centre. IITA began consulting 
with Ghanaian institutions in 2010 to support development 
of the strategy, which aims at creating business and industry 
development with social impact while ensuring food security. 
The process included participation by an array of value chain 
stakeholders who identified markets and product opportunities 
and areas where institutional support is needed. 
Ghana was the first country to adopt such a strategy, in part 
because yam was one of the crops that the Ministry of Trade and 
Industry selected for export diversification and private sector 
development. According to Antonio López-Montes, an IITA yam 
breeder, it was just a first step, since other countries have expressed 
interest in elaborating yam strategies similar to Ghana’s. “We are in 
the process of finding funds to support the development of yam 
value chain strategies for Nigeria, Benin, DR Congo, and Togo in 
Africa; and Colombia, Jamaica and Cuba in the Caribbean and Latin 
America,” he said.
To develop market opportunities for farmers, IITA has been working 
with the private sector in West Africa to incorporate yam flour into 
noodle production. Baked goods with 20% to 40% yam flour are 
already a reality, since an IITA baker taught Ghanaian bakers how to 
make yam bread, biscuits, cupcakes and other products during the 
launch of the value chain strategy.
 “One of the outcomes of the International Society for Tropical Root 
Crops (ISTRC) Conference in Abeokuta, Nigeria in October 2012 
was to motivate more work on yam in the Democratic Republic of 
Congo,” said Peter Kulakow, of IITA.
Expanding Collaboration, Catalyzing Innovation  |  RTB Annual Report 2013
He explained that IITA and the Ministry of Agriculture of the 
Democratic Republic of Congo teamed up in 2013 to analyze 
yam value chains in that country and to identify opportunities for 
improved nutritional and income gains. The study’s results indicate 
that yam production and commercialization in the Democratic 
Republic of Congo are largely the responsibility of women, and that 
a national strategy should include capacity building at every stage 
of the value chain, along with improved varieties and seeds.
Studying Banana Beverage Value Chains in East Africa
Many people in East Africa are involved in the production and 
commercialization of banana beverages, yet little is known 
about the activity’s economic and social impacts. Researchers 
at Bioversity, CIRAD and various local partners are consequently 
collaborating on a gender-responsive study of banana beverage 
value chains in Burundi, Democratic Republic of Congo, Rwanda, 
Tanzania and Uganda.
Anne Rietveld, a value chain researcher and RTB gender focal point 
at Bioversity, did preliminary research in Uganda, where she found 
that banana beverages were an important source of cash for many 
households, with some processers getting more than half of their 
total income from the activity.
“We want to know how participation in banana beverage value 
chains contributes to the livelihoods of men and women. We 
believe it is important, but there is a lack of data to back this up,” 
she said. 
Rietveld is coordinating the RTB-funded study, called “Banana-based 
beverages in East Africa: diagnosing value chains and associated 
livelihoods,” which began in late 2013 and will be completed in 
2014. The results should provide a better understanding of the 
activity’s impacts and potential, and could be used as the basis for 
interventions in banana beverage value chains.
The study was launched with a planning workshop held in Kigali, 
Rwanda on November 26-28, 2013. Participants from seven 
70
agricultural research institutes and national programs discussed 
the state of knowledge of banana beverage value chains, finalized a 
research methodology and framework, and drew up work plans for 
the five countries. Because women are involved in many aspects of 
the banana beverage business, gender research was integrated into 
the project from the start.
“We’re doing a value chain analysis that looks very specifically 
at men and women who are involved in the chain. For example, 
for the producers we don’t interview household heads, but all 
individuals involved in production, whether male or female,” 
Rietveld explained. 
“There is a potential for creating rural agri-business that can 
stimulate local economies and create employment for youth, yet 
there has been very little support for research on the subject until 
now,” she added.
TV Commercial Boosts Demand for Sweetpotato Biscuits
A CIP project in Rwanda promoting vitamin-A-rich, orange-fleshed 
sweetpotato (OFSP) production by smallholders while linking them 
to markets received a boost in November 2013, when a commercial 
for Akarabo Golden Power Biscuits – made with OFSP – became a 
hit on Rwandan television.
The TV commercial, which began airing every evening after the 
7 pm news, features a song in Kinyarwanda – the main language 
spoken in Rwanda. It includes participation by children from a 
local school supported by the company’s owner, Sina Gérard, and 
singing by his daughter.
Sina Gérard’s company, Urwibutso Enterprises, began producing 
Akarabo Golden Power Biscuits in 2012 in partnership with the 
Sweetpotato Super Foods in Rwanda project, which is part of 
CIP’s Sweetpotato Action for Security and Health in Africa (SASHA) 
initiative. The biscuits are produced from OFSP varieties that are 
rich in beta-carotene, which the body converts into vitamin A. 
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CIP promotes the cultivation of these varieties to combat the 
many health problems resulting from vitamin A deficiency, which 
includes childhood blindness. Just four Akarabo Golden Power 
Biscuits provide 48% of the vitamin A that a nine-year-old child 
needs per day, 28% of a non-pregnant woman’s daily requirement, 
or 21% of an adult male’s needs. 
Urwibutso Enterprises produces the biscuits at a plant in Rulindo 
district at Nyirangarama, in rural Rwanda, using sweetpotatoes 
grown by local farmers. CIP and partners have worked with 
smallholder farmer groups – composed of 80% women and 20% 
men– to help them produce OFSP for the Urwibutso Enterprises 
plant, sale on local markets, and home consumption. One of CIP’s 
priorities is to build gender-equitable value chains for sweetpotato.
The success of Akarabo Golden Power Biscuits and OFSP 
doughnuts in Rwanda sets a good precedent for RTB value chain 
interventions in Africa and other regions.
© V. Durroux/CIP
Akarabo Golden Power Biscuits on display.
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Main Donors
African Development Bank (AFDB)
ASARECA
Australia
Austria
Beira Agricultural Growth Corridor
Belgium
Bill and Melinda Gates Foundation
Boyce Thompson Institute for Plant Research
Cabinda Gulf Oil Company
Common Fund for Commodities (CFC)
Corn Products International
Cornell University
Finland
Food and Agriculture Organization of the United Nations (FAO)
German Society for International Cooperation (GIZ)
HarvestPlus
India
International Bank for Reconstruction and Development (IBRD)
International Fund for Agricultural Development (IFAD)
International Livestock Research Institute (ILRI)
Irish Aid
Italy
Japan
McKnight Foundation
Nestlé
Netherlands
Nigeria
Peru
Regional Fund for Agricultural Technology (FONTAGRO)
Rural Development Administration of the Republic of Korea (RDA)
Scottish Crop Research Institute
Sweden
Switzerland
Syngenta
Uganda
United Kingdom’s Department for International Development (DFID)
United States Agency for International Development (USAID)
University of California, Los Angeles (UCLA)
West African Seasoning Company Limited (WASCO)
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The total 2013 budget approved for the CGIAR Research Program on 
Roots, Tubers and Bananas (RTB) was US$81.4M: US$35.3M (43%) of 
which was funded from CGIAR Funds Window 1 (W1) and Window 2 
(W2), and US$46.1M (57%) of which came from Window 3 (W3) and 
bilateral donors.
RTB 2013 Financial Report
Overall Execution as of Dec 2013 by Center and Theme
Early in 2013, the RTB budget for W1 and W2 was estimated at US$ 
28.5M; however, this was increased with late confirmations, reaching 
US$ 35.3M by the end of August. These late confirmations delayed the 
implementation of some activities under the Research Program, so that 
by the year-end, total W1 & W2 expenditures were only US$29.4M (83% 
execution) while Bilateral and W3 expenditures were US$39.6M (86%) 
for a total expenditure of US$69M (85%).
CGIAR Funding Windows
Window 1&2 funds are provided by CGIAR to RTB to use 
as it chooses across the agreed product portfolio.
Window 3 and bilateral funds are awarded to CGIAR 
Centers. When consistent with RTB they are mapped 
into the RTB product portfolio. Window 3 includes a 2% 
contribution to the Consortium.
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Regarding the overall execution by Themes, gender 
represented 10% of the RTB’s total expenses, reflecting 
the reinforcement of gender-oriented research. Theme 
1 execution was 18% higher than budgeted, mainly due 
to execution under bilateral donor’s funds that were not 
anticipated in the original budget presented in February. 
Themes 4 and 6 have a lower execution due to start-up of 
new projects with additional funds in 2013, which delayed 
their implementation. 
2013 Cumulative Results
Compared to 2012, there was an increase of 26% in the 
execution of the RTB budget (US$69.0M vs. US$54.6M), 
resulting in a cumulative execution of US$123.6M over 
the first two years of the Research Program (US$51.7M 
from W1 & W2 and US$71.9M from W3 & bilateral).
Themes Overall 2013 Budget vs. Expenses
*The budget does not include USD 1,183K from W1&2 pending distribution
Cumulative RTB Expenditure 2012-2013
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RTB Partners
A
Africa Innovations Institute, Uganda
African Agricultural Technology Foundation (AATF), Kenya
African Development Bank
AGRICON International Inc, Canada
Agricultural Genetics Institute, Vietnam
Agricultural Research Council, South Africa
Agricultural Research Institute Rwanda (ISAR)
Agricultural University of Makurdi, Benue State, Nigeria
Agri-Food Canada
Agro & Bio technologies, Burundi
Alliance for a Green Revolution in Africa (AGRA)
Almidones de Sucre, Colombia
Appropriate Rural Development Agriculture Program, Kenya
Aarhus University, Denmark
Asociación para el Desarrollo Sostenible del Perú (ADERS)
Association for Strengthening Agricultural Research in Eastern and Central Africa 
(ASARECA)
Australian Centre for International Agricultural Research (ACIAR)
B
Bangladesh Agricultural Research Institute
Bath University, United Kingdom
Bill and Melinda Gates Foundation, USA
BioAnalyt, Germany
Bioforsk (Norwegian Institute for Agricultural and Environmental Research)
Brawijaya University, Indonesia
Beijing Genomics Institute (BGI), China
Bureau of Plant Industry, Philippines
C
Cambodian Agricultural Research and Development Institute
Catholic Relief Services (CRS)
Central Tuber Crop Research Institute, India
Central Piurana de Cafetaleros (CEPICAFE), Peru
Centre Africain de Recherche sur Bananiers et Plantains (CARBAP)
Centre for Agricultural Bioscience International (CABI)
Centre for Coordination of Agricultural Research and Development for Southern 
Africa (CCARDESA)
Centre National de Recherche Agronomique, Côte d’Ivoire
Centro Andino de Educación y Promoción José María Arguedas (CADEP), Peru
Centre de Recherche Public Gabriel Lippmann, Luxemburg
Centro de Investigación en Biología Celular y Molecular, Costa Rica
Centro Agronómico Tropical de Investigación y Enseñanza (CATIE), Costa Rica
CGIAR Research Program on Agriculture for Nutrition and Health (A4NH)
CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS)
CGIAR Research Program on Integrated Systems for the Humid Tropics 
(Humidtropics) 
CGIAR Research Program on Livestock and Fish (Livestock and Fish)
CGIAR Research Program on Policies, Institutions and Markets (PIM)
Chinese Academy of Tropical Agricultural Sciences (CATAS)
Community Research in Environment and Development Initiatives (CREADIS), Kenya
Compañía de Desarrollo y de Industrialización de Productos Primarios S.A. 
(CODIPSA), Paraguay
Consorcio Latinoamericano y del Caribe de Apoyo a la Investigación y al Desarrollo 
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de la Yuca (CLAYUCA), Colombia
Consorcio de Pequeños Productores de Papa (CONPAPA), Ecuador
Cooperativa Agraria Ecológica San Luis de Shuaro, Peru
Cornell University, USA
Corporación Bananera Nacional, Costa Rica
Corporación Colombiana de Investigación Agropecuaria (CORPOICA)
Council for Scientific and Industrial Research, Ghana
Crawford School of Public Policy, Australia
Crops Research Institute (CSIR), Ghana
D 
Dalhousie University, Canada
Davao National Crop Research & Development Center, Philippines
Department of Agriculture, Fisheries and Forestry, Australia
Department of Agriculture- Regional Field Unit XI (DA-RFU), Philippines
Department of Agricultural Research Services (DARS), Malawi 
Department of Plant Biology, University of California, Davis, USA
Directorate General for Development Cooperation (DGDC), Belgium
Directorate General for International Cooperation (DGIS), Netherlands
Donald Danforth Plant Science Center, USA
Dow Agrosciences LLC
E 
EkoRural, Ecuador
EMBRAPA Fruits and Cassava, Brazil
Emory University, USA
Escuela Superior Politécnica de Chimborazo, Ecuador
ETH Zurich, Switzerland
European Commission
F 
Farmer’s Choice, Kenya
Federal Ministry of Agriculture and Rural Development (FMARD), Nigeria
Federal University of Agriculture, Abeokuta, Nigeria
Fondo para el Financiamiento del Sector Agropecuario (Finagro), Colombia
Regional Fund for Agricultural Technology, Technical Administrative Secretariat 
(FONTAGRO)
Food and Agriculture Organization of the United Nations (FAO)
Food and Environment Research Agency (FERA), United Kingdom
Forum for Agricultural Research in Africa (FARA)
Fruit and Vegetable Research Institute, Vietnam
Fundación ACCIÓN CONTRA EL HAMBRE
Fundación Hondureña de Investigación Agrícola (FHIA)
Fundación para la Investigación y Desarrollo Agrícola (FIDAR), Colombia
Fundación M.A.R.CO, Ecuador
Fundación PROINPA, Bolivia
G 
Generation Challenge Program (GCP)
Ghent University, Dept. of Molecular Biotechnology, Belgium
Global Alliance for Improved Nutrition (GAIN)
Global Cassava Partnership for the 21st Century (GCP21)
Global Crop Diversity Trust
Global Forum on Agricultural Research (GFAR)
Grupo Yanapai, Peru
Guangdong Academy of Agricultural Sciences, China
Guangxi Cassava Research Institute, China
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H 
Hanoi Polytechnic University, Vietnam
Hanoi University of Agriculture, Vietnam
HarvestPlus
Helen Keller International, Africa Region
Horticultural Crop Research and Development Institute, Sri Lanka
Huazhong Agricultural University, China
HZPC, Netherlands
I 
IMBARAGA Farmers Syndicate, Rwanda
Indian Council of Agricultural Research
Indonesian Centre for Horticulture Research & Development
Indonesian Legumes and Tuber Crops Research Institute (ILETRI)
Indonesian Tropical Fruit Research Institute
Inner Mongolia University (China)
Institut National pour l’Etude et la Recherche Agronomiques (INERA), DR Congo
Institut National des Recherches Agricoles du Bénin (INRAB)
Institut de Recherche Agronomique et Zootechnique, Burundi
Institut des Sciences Agronomiques du Burundi (ISABU)
Institut Togolais des Recherches Agronomiques (ITRA)
Institute for Agricultural Research and Training, Ibadan, Nigeria
Institute for Tropical and Subtropical Crops (ARC-ITSC), South Africa
Institute of Bioorganic Chemistry, Uzbek Academy of Sciences
Institute of Experimental Botany, Czech Republic
Institute of Fruit Tree Research, China
Instituto de Investigação Agrária de Moçambique
Instituto Dominicano de Investigaciones Agropecuarias y Forestales
Instituto de Investigaciones Agropecuarias, Chile
Instituto de Investigaciones Agropecuarias de Panamá
Instituto de Investigaciones de Viandas Tropicales (INIVIT), Cuba
Instituto Nacional Autónomo de Investigaciones Agropecuarias (INIAP), Ecuador
Instituto Nacional de Innovación Agraria (INIA), Peru
Instituto Nacional de Innovación Agropecuaria y Forestal, Bolivia
Inter-American Institute for Cooperation on Agriculture (IICA)
International Atomic Energy Agency (IAEA)
International Centre of Insect Physiology and Ecology (icipe)
International Development Research Centre (IDRC), Canada
International Fund for Agricultural Development (IFAD)
International Livestock Research Institute (ILRI)
International Society for Horticultural Science (ISHS)
International Society for Tropical Root Crops (ISTRC)
International Trade Center (ITC)
J
J. Craig Venter Institute (JCVI), USA
James Hutton Institute , United Kingdom
K 
Kansas State University, USA
Kasetsart University, Thailand
Kenya Agricultural Research Institute (KARI)
Kenya Plant Health Inspectorate Service (KEPHIS)
Kerala Agricultural University, India
Kisima Farm, Kenya
KU Leuven, Belgium
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O
Ohio State University, USA
P
PATH 
Philippine Council for Agriculture, Aquatic and Natural Resources Research and 
Development
Plant & Food Research, New Zealand
Plant Protection Research Institute, Vietnam
Provincial Dept. of Agriculture, Kampong Cham, Cambodia
R 
Regional Strategic Analysis and Knowledge Support System (ReSAKSS)
Rimisp - Centro Latinoamericano para el Desarrollo Rural
Royal Holloway University of London (RHUL), United Kingdom
Royal Tropical Institute, Netherlands
Royal University of Agriculture, Cambodia
Rural Energy and Food security Organization (REFSO), Kenya
Rwanda Agricultural Board (RAB)
S 
Sierra Leone Agricultural Research Institute
SINA Gerard Ese Urwibutso, Rwanda
Sociedad Peruana de Derecho Ambiental (SPDA), Peru
South China Botanical Garden
Swedish Co-Operative Centre (SCC- VI), Uganda
Swedish University of Agricultural Sciences (SLU) 
Swiss Agency for Development and Cooperation (SDC/DEZA)
Syngenta Foundation
M 
Makerere University, Department of Crop Science, Uganda
Malaysian Agricultural Research and Development Institute
McKnight Foundation Collaborative Crop Research Program
Mikocheni Agricultural Research Institute, Tanzania
Ministerio de Agricultura, Oficina de Estudios Económicos, Peru
Ministry of Agriculture, Ecuador
Ministry of Agriculture and Forestry, Lao PDR
N 
National Agricultural Crops Resources Research Institute (NaCRRI), Uganda
National Agricultural Research Institute, Papua New Guinea
National Agricultural Research Organisation, Uganda
National Agriculture and Forestry Research Institute, Lao PDR
National Crops Research Institute, Uganda
National Horticultural Research Institute, Nigeria
National Potato Research Program, DR Congo
National Research Centre for Banana, India
National Root Crops Research Institute (NRCRI), Nigeria
National University of Ireland
Natural Resources Institute (NRI), University of Greenwich, United Kingdom
Nestlé
N.I. Vavilov Research Institute of Plant Industry, Russia
Nong Lam University, Vietnam
Northern Agriculture and Forestry College, Lao PDR
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T 
Taiwan Banana Research Institute
Thai Farm International Ltd, Nigeria
Thai Tapioca Development Institute, Thailand
U 
United States Agency for International Development (USAID)
United States Department of Agriculture, Agricultural Research Service, Tropical 
Agriculture Research Station (USDA-ARS-TARS)
Universidad Agraria La Molina (UNALM), Peru 
Universidad Austral de Chile (AUCh), Chile
Universidad de Córdoba, Montería, Colombia
Universidad de Desarrollo Andino (UDEA), Peru
Universidad de la Salle, Colombia
Universidad Nacional Autónoma de Nicaragua
Universidad Nacional de Colombia
Universidad Nacional Hermilio Valdizan (UNHEVAL), Peru
Universidad Pública del El Alto (UPEA), Bolivia
Universidad del Valle (UNIVALLE)
Universitat de Valencia, Spain
Université Catholique de Louvain (UCL), Belgium
Université de Kinshasa (DR Congo)
Université de Liège, Gembloux Agro-Bio Tech, Belgium
University of Agriculture, Umudike, Nigeria
University of Battambang, Cambodia
University of Brasilia, Brazil 
University of Copenhagen, Denmark
University of Flinders, Australia
University of Goettingen, Germany
University of Hohenheim, Germany
University of Kisangani, DR Congo
University of Kinshasa, DR Congo
University of Leeds, United Kingdom
University of Nairobi, Dept. of Animal Production, Kenya
University of Nigeria
University of the Philippines at Los Baños
University of Puerto Rico Mayaguez
University of Stellenbosch, South Africa
University of Surrey, UK
University of Wisconsin, USA
V 
Venganza, Inc.
Virginia Polytechnic Institute and State University, USA
Volunteer Efforts for Development Concerns (VEDCO), Uganda
W 
WACCI (West Africa Centre for Crop Improvement), Ghana
Wageningen University - Plant Research International, Netherlands
Waite Analytical Services, University of Adelaide, Australia
West African Seasoning Company Limited (WASCO), Nigeria
West and Central African Council for Agricultural Research and 
Development (CORAF/ WECARD)
World Bank
Y 
Young Women Christian Association, Rwanda
Yunnan Agricultural University, China
Yunnan Normal University, China
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The CGIAR Research Program on Roots, Tubers and Bananas (RTB)
is a broad alliance of research-for-development stakeholders and partners.
Our shared purpose is to exploit the underutilized potential of root, tuber,
and banana crops for improving nutrition and food security, increasing
incomes and fostering greater gender equity – especially amongst the
world’s poorest and most vulnerable populations.
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